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(57) Abstract: A system and method for providing a broadcast to a receiver (TMC 50) via a communication network (20). In partic- 
ular, the broadcast is received via at least one global multicast channel (Ml). At least one local multicast channel (lm) is associated 
with the global multicast address (Mx). Then, a communication link is established between the receiver (BMC 50) and the local 
multicast channel (lm), and the broadcast is routed from the global multicast channel (Ml) to the local multicast channel (lm) to pro- 
vide the broadcast to the receiver. The number of the receivers which are receiving the broadcast may be determined. The receiver 
may include an Internet Protocol (IP) interface (IP I/F) which enables the receiver to receive the broadcast via an IP-type multicast 
communication (20). The receiver may also be wireless (50), and can receive the broadcast in a first subnet (la) using a multicast 
communication. Prior to the receiver (TMC 50) moving to a second subnet (ia), a request is generated by the receiver to receive the 
broadcast in the second subnet. After receiving the request, the broadcast is provided to the wireless receiver in the second subnet 
using the multicast communication. 
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SYSTEM AND METHOD FOR RECEIVING OVER A 
NETWORK A BROADCAST FROM A BROADCAST SOURCE 



FIELD OF THE INVENTION : 

The present invention relates to a system and method for providing a 
5 broadcast over a network to a client. In particular, the system and method utilize 
network multicast communication for providing the broadcast of content between a 
broadcast source and the client to avail a global content and/or a local content to user. 



APPENDIX 

Attached hereto, please find an Appendix which shows an exemplary 
10 embodiment of the implementation of the system and method according to the present 
invention. 



BACKGROUND INFORMATION : 

Conventional radio systems broadcast a continuous content without 
requiring extensive user interaction. This traditional scheme is convenient in 

1 5 situations where the listener is sharing his or her attention with other tasks, such as 
driving an automobile. However, one of the disadvantages of these conventional 
radio systems is that only a limited number of the radio stations can legally transmit 
their broadcasts in a particular area (e.g., only 45 FM radio stations can transmit their 
broadcast in the New York City metropolitan area). There have been a number of 

20 proposed solutions to address this limitation. However, none of the proposed 

solutions effectively utilized the Internet to expand the number of radio broadcasts, as 
well as television broadcasts, to the wireless users who travel from one geographical 
area to another. 

A streaming real-time multimedia content (which relates to 

25 entertainment, music and /or interactive game industries) can now be provided over 
the Internet. The streaming applications include IP telephony, broadcasting 
multimedia content and multi-party conferences, collaborations and multi-player 
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games. However, at least one publication (i.e., the New York Times) asserted that 
such multimedia streaming applications will bring about the demise of the Internet 
because the streaming applications are far more demanding in terms of bandwidth, 
latency and reliability than the traditional data communication applications. Many of 
5 the existing streaming systems do not scale to large audiences, particularly for a 
transmission at high bit rates. They also do not provide a user flexibility, and are 
restricted to a utilization of either conferencing or broadcast modes. 

Early attempts to provide the streaming applications to the clients over 
the Internet have been implement using a unicast scheme. An exemplary system 

1 0 illustrating the system which utilizes the conventional unicast architecture is shown in 
Figure 1. Referring to Figure 1, the source 100 (e.g., the audio and/or video content 
provider) is connected to a first router Rl, which in turn is connected to second and 
third routers R2, R3. The second router R2 is connected to fourth and fifth routers 
R4, R5, while the third router R3 is connected to sixth and seventh routers R6, R7. 

1 5 The fourth router R4 is connected to two clients CO, C 1 , the fifth router R5 is 

connected to three clients C2, C3, C4, the sixth client R6 is connected to two clients 
C5, C6, and the seventh client R7 is connected to another three clients C7, C8, C9. 
The clients C0-C9 may be computers requesting the particular multimedia content 
(e.g., an audio and/or video content). 

20 In operation, if each of the clients C0-C9 requests the same multimedia 

content, each of those requests is routed via their respective routers to the source 100. 
Particularly, the clients CO, CI send such request to the fourth router R4 which routes 
the request two streams for the particular multimedia content, i.e., one stream for each 
of its requesting clients CO, CI. At the same time, the fifth, sixth and seventh routers 

25 R5, R6, R7 may receive the requests for the same multimedia content from its 
respective clients C2-C9, and these routers R5, R6, R7 route their streams, 
respectively, for such multimedia content upstream. The requests for two and three 
identical multimedia streams (i.e., a total of five streams) are sent to the second router 
R2 from the fourth and fifth routers R4, R5, respectively. The requests for the same 

30 three and two multimedia streams (i.e., also a total of five streams) are sent to the 
third router R3 from the sixth and seventh routers R6, R7, respectively. The second 



WO 00/79734 



PCT/US00/16913 



and third routers R2, R3 each route the request for five multimedia streams to the first 
router Rl , which routes a request for 10 multimedia streams (i.e., 5 for the second 
router R2 and 5 for the third router R3) to the source 100. 

Thus, the source 100 receives a request for 10 multimedia streams, and 
5 then transmits 1 0 multimedia streams to the first router R 1 , which then routes the 
requested 5 identical multimedia streams to the second router R2, and the same 5 
multimedia streams to the third router R3. The second router R2 then routes two of 
these multimedia streams to the fourth router R4, and three to the fifth router R5. The 
fourth router R4 routes 1 stream to the client CO and the other stream to the client CI . 

10 The fifth router R5 routes one of its received streams to the respective client, C2, C3, 
C4. Similar routing of the multimedia streams occurs for the third router R3 (and thus 
for the sixth and seventh routers, (R6, R7). 

By utilizing the unicast scheme described above and shown in Figure 1 , 
there may be multiple copies of the same multimedia content being transmitted from 

15 the source down to the clients. Such transmission of multiple streams may cause a 

bottleneck in the network by wasting the Internet bandwidth, and would likely prevent 
the clients from receiving the multimedia content in an expeditious manner. 

Figure 2 shows an arrangement utilizing a conventional multicast 
communications scheme which addressed at least some of the above-mentioned 

20 drawbacks. For the sake of simplicity, the multicast arrangement in Figure 2 is 
substantially similar to that shown in Figure 1 . Using the multicasting 
communications scheme illustrated in Figure 2, if each of the clients C0-C9 requests 
the same multimedia content, the routers keep track of the particular client which 
made the request, and only sends one request for the multimedia stream upstream to 

25 the next router in the chain (or to the source 100). For example, the clients CO, CI 
may send such request (e.g., a join request) to the fourth router R4, which stores an 
indication (e.g., a state) therein that at least one of clients CO, CI sent the particular 
request. At the same time, the fifth, sixth and seventh routers R5, R6, R7 may receive 
the requests for the same multimedia content from its respective clients C2-C9, and 

30 each these routers R5, R6, R7 stores an indication therein regarding that at least one of 
their respective clients sent the request for multimedia stream. If the fourth router R4 
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(or the fifth router R5) already routed the multimedia streams to one of its clients (on 
the same subnet as the requesting client), it routes the multimedia streams to such 
requesting client. Otherwise each of the fourth and fifth routers R4, R5 sends a 
request to receive the multimedia stream that was requested by their respective clients 
5 C0-C4 to the second router R2. The second router R2 stores an indication that at least 
one of the fourth and fifth routers R4, R5 made the request. Each of the sixth and 
seventh routers R6, R7 also may send a request for the multimedia stream (i.e., that 
was requested by their respective clients C5-C9) to the third router R3. The third 
router R3 stores an indication which is similar to the one stored in the second router 

10 R2. Then, the second and third routers R2, R3 each send the request for the same 
multimedia stream to the first router Rl , which stores an indication regarding which 
of the routers R2, R3 made the request. Since the first router Rl is directly connected 
(or connected in the same subnet) to the source 100, the first router Rl always 
receives the multimedia stream from the source 100. 

1 5 In this manner, the first router Rl receives the request, duplicates the 

received multimedia stream (via multicast channels 500) and transmits 1 copy thereof 
to each of the second and third routers R2, R3 (if both made the request). The second 
router R2 then duplicates the received multimedia stream provided in the multicast 
channels 500, and sends one copy of the stream to each of the fourth and fifth router 

20 R4, R5. The fourth router R4, in turn, provides one copy of the received multimedia 
stream provided in the multicast channels 500 to the client CO and the other copy to 
the client CI (if both made the request). The fifth router R5 duplicates the received 
multimedia stream, and sends one copy of the received multimedia stream provided 
by the multicast channels 500 to each of the respective client C2, C3, C4 (if each of 

25 theses clients made the request). A similar transmission of the multimedia streams 
occurs for the third router R3 (and thus for the sixth and seventh routers R6, R7). 

With this multicast scheme, the source 100 needs to only transmit one 
multimedia stream to the requesting router, which in turn duplicates the multimedia 
stream (if necessary) and transmits a single stream downstream to the routers and/or 

30 the clients requesting such stream. Indeed, each router (as well as the source 100) 
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does not need to transmit more than one multimedia stream to the downstream routers. 
As such, the bandwidth of the system is utilized more efficiently. 

In addition, by using the multicast scheme described above, it is also 
possible to avoid a transmission of a request for the multimedia stream (that has 
5 already been provided to other clients by a particular router) upstream, all the way up 
to the server 100. For example, another client CIO may be connected to the fourth 
router R5, and this new client CIO may request the multimedia stream from the fourth 
router R4 that has already been requested (and is provided to) the client CI . When the 
fourth router R4 receives this request from the new client CIO, it checks whether the 

10 requested multimedia stream has already been provided to it. If not, this request is 
then passed to the second router R2. If the fourth router R4 determines that the 
requested multimedia stream is already provided by it to at least one of its clients (is in 
the present exemplary case to the client CI), the fourth router sends a copy of the 
requested multimedia stream to the new client C 1 0 without sending additional 

1 5 requests for this multimedia stream to the second router R2, and ultimately to the 

server. Even though this multicast communications scheme provides an advantageous 
transmission of the multimedia streams from the servers to the clients, it was not 
effectively usable for wireless communication or in systems where the broadcast 
streams from different sources which can immediately be provided to the wired or 

20 wireless clients. 

Previous attempts to provide next-generation radio and television 
systems have not been successful largely because these systems did not add significant 
benefits over the older and well known systems. Current versions of the Internet (or 
web) radio or television were not designed to utilize a large-scale multicast scheme, 

25 while also lacking the ability to support low-latency constraints and flexible 

programming (e.g., an automatic ad insertion during a program, an on-line monitoring 
of a particular channel, etc.). Furthermore, the conventional systems do not support a 
continuous streaming or conferencing, while the wireless client is moving, especially 
from one subnet to another. 
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SUMMARY OF THE INVENTION 

A system and method according to the present invention is provided for 
transmitting and receiving broadcasts between a broadcast source and a client. One of 
the exemplary embodiments of the system and method utilizes the available Internet 
5 standards and protocols (e.g., RTP, RTCP, RTSP, SIP, SAP, SDP, UDP and IP 
multicast) to maximize their deploy ability. Other embodiments of the present 
invention utilize non-conventional technologies and/or protocols, such as a mobility- 
aware multicast scheme, a streaming protocol for wireless clients, a fast re- 
configuration, a bandwidth control for a multicast stream in a wireless network, etc. 
10 With the present invention, users can choose to tune-in to receive a local broadcast 
transmitted by a local station, a global broadcast transmitted by a global station. 

The system and method according to the present invention can send 
broadcasts in a single area, as well as to multiple regions, where there are 
listeners/viewers who would like to receive the broadcast. This system and method 
1 5 also provides the ability for the end user to invite another user to a particular program 
using SIP (Session Initiation Protocol). Thus, with the present invention it is now 
possible to provide: 

Scalable mechanism for a selective content distribution with an automatic 
localized information insertion by using a hierarchical scope-based 
20 multicasting (e.g., global/local multicasting scheme) and local servers. 

Application-layer multicasting arrangement for the real-time broadcast traffic. 
Scalable hierarchical directory structure for an itemized content distribution. 
Support for global and local programs with possible ways of mixing the two. 
Popularity-based spectrum management to address the limits if the spectrum 
25 (e.g., a control mechanism for managing an audio/video stream based on a 

popularity of a particular program - capable of increasing the bandwidth of the 
broadcast which provides content for broadcasts which are popular with the 
users). 

• Secure payment scheme between the content providers, advertisers and 
30 affiliates, which may be utilized for E-commerce. 
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Support of a fast-handoff of the Internet Protocol multicast streams when the 
mobile clients move from one domain to another (e.g., moving in a car on a 
highway from one subnet to another) in a wireless environment. An 
application layer mobility protocol and a faster reconfiguration methodology 
5 can be provided for the wireless clients to implement such support. 

Distribution of a streaming content to the IP enabled wireless handset (e.g., IP 
enabled radio/television) using systems with wireless interface and a tuner. 
• A combination of intra-ISP multicast with non-multicast global domain (e.g., 
the unicast domain). 

1 0 • Support of IP multicast scheme for streaming (e.g., using the MP3 standard) 
over the bandwidth constrained wireless medium. 
Secure multicast environment to protect against malicious data senders. 

One of the embodiments of the system of the present invention 
provides an architecture to facilitate an IP-based radio/television network, e.g., a 

1 5 streaming network. It can utilize the conventional Internet protocol suite to provide 
robust communication over conventional heterogeneous access networks. For 
example, the system and method can also utilize any wired and/or wireless layer-2 
technology such as, e.g., PPP ("point to point protocol"), CDMA ("code division 
multiple access"), protocol based on IEEE 802.1 1 standard, DSL ("digital subscriber 

20 link") and Gigabit Ethernet. It is also possible to utilize the system and method of the 
present invention other network technologies. The local servers used in the system 
and method according to the present invention, as well as the use of application layer, 
provide an degree of scalability. The flexibility of radio services a better reach and a 
quality of service for the audio/video stream carried over IP are just a few of the other 

25 advantageous features of the system and method according to the present invention. 
Both wired and wireless links may be used for interconnection to the system and 
method of the present invention, as well as to include various throughput, delay, and 
error rates. The present invention provides flexible radio/television streaming services 
to the local Internet (e.g., multimedia clients which may not necessarily be supported 

30 by the traditional AM/FM or television receivers). The system and method of the 
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present invention also provides the flexibility to the clients to be able to receive 
broadcast from any radio or television station in the world. It offers the capability of a 
hierarchical searching in terms of categories, and a way to insert local advertisements 
during commercial breaks. This will meet the challenge of bringing quality 
5 audio/video broadcast to the people in remote site, and to the wireless mobile clients. 
Radio Antenna Servers are provided in the local domains act as local 
stations/localized servers so as to determine how many people can listen to a 
particular radio/television station globally without a possible degradation of stream 
quality and provides the ability for the local listeners in a single domain to switch 

10 between the local program and the global program. These servers also provide the 
ability for the local listeners to receive the local advertisements during commercial 
breaks, while still being tuned to the global program or to continue listening to a 
particular segment of the global program while still being tuned to the local program. 
Another advantageous feature of the present invention is that the system and method 

1 5 allow any server connected to a communications network to be a potential 

broadcaster. The system and method also provides a pricing model which allows the 
servers (and possibly the broadcasters) to obtain a direct financial benefit therefrom. 

As indicated above, the system according to the present invention is 
preferably transport independent, operates over wired and wireless links, and 

20 accommodates the mobility of the client. Therefore, the present invention provides a 
continuity to the listener of a particular program broadcast by the local or global 
station as the mobile client moves. The system and method according to the present 
invention can also utilize a network topology of highly malleable meshes which would 
include more than just static trees where each client (or node) can be mobile. 

25 In an exemplary embodiment of the present invention, a broadcast is 

provided to a receiver via a communication network. The broadcast is received via at 
least one global multicast channel. At least one local multicast channel is associated 
with the global multicast address. A communication link is then established between 
the receiver and the local multicast channel, and the broadcast is routed from the 

30 global multicast channel to the local multicast channel to provide the broadcast to the 
receiver. The number of the receivers which are receiving the broadcast may also be 
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determined. The receiver may include an Internet Protocol (IP) interface which 
enables the receiver to receive the broadcast via an IP-type multicast communication. 
The receiver may also be wireless, and can receive the broadcast in a first subnet using 
a multicast communication. Prior to the receiver moving to a second subnet, a request 
5 is generated by the receiver to receive the broadcast in the second subnet. After 

receiving the request, the broadcast is provided to the wireless receiver in the second 
subnet using the multicast communication. 

The present invention will will now be described by way of detailed 
description of exemplary embodiments thereby with reference to the drawings, in 
10 which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a high level functional diagram showing a network based 
broadcasting system which utilizes a conventional unicast communication scheme; 

Figure 2 is a high level function diagram showing a network based 
15 broadcasting system of Figure 1 utilizing a conventional multicast communication 
scheme; 

Figure 3 is a functional block diagram showing an exemplary 
embodiment of a system according to the present invention which utilizes the 
multicast communication scheme for transmitting and receiving broadcast streams 
20 between a source and a client. 

Figure 4 is a functional system diagram showing an exemplary 
implementation of the system illustrated in Figure 3; 

Figure 5 is a diagram providing a detailed illustration of the functional 
architecture of another exemplary implementation of the system of Figure 3; 
25 Figure 6A is a functional block diagram showing an exemplary 

embodiment of the Internet-capable broadcast receiving devices according to the 
present invention; 

Figure 6B is a functional block diagram showing an exemplary 
protocol stack, that can be used by the system and method of the present invention; 
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Figure 7 is a flow diagram representing an exemplary embodiment of 
the method according to the present invention; 

Figure 8 is a flow diagram representing another exemplary 
embodiment of the method according to the present invention; 
5 Figure 9 is a schematic system-level functional diagram showing a 

detailed implementation of the system and method according to the present invention 
utilizing particular protocols; 

Figure 10 is a schematic system-level functional diagram showing an 
exemplary scheme in which multicast systems are interconnected via a non-multicast 
10 network; 

Figure 1 1 A is a functional diagram illustrating one embodiment of the 
system and method of the present invention for mobile clients; and 

Figure 1 IB is a functional diagram illustrating another embodiment of 
the system and method of the present invention for the mobile clients. 

15 DETAILED DESCRIPTION 

A. SYSTEM ARCHITECTURE 

An exemplary embodiment of the system according to the present 
invention is shown in Figure 3. The illustrated exemplary embodiment includes four 
functional components, i.e., a Radio Station Client (RSC) 10 or a Primary Station, a 

20 Radio Antenna Server (RAS) 30 or a local station, an Advertisement/Media 

Arrangement (AMA) 40 and at least one Internet Multimedia Client (IMC) 50. It 
should be understood that RSC 10 can be a television station client, and RAS 30 can 
be a television antenna server. IMC 50 can be a car radio or another reception unit 
which is capable of receiving a multicast broadcast. Such car radio may be an 

25 Internet-capable Radio as shall be described in further detail below. In operation, 
RSC 10 (e.g., a computing device with IP interface) transmits a global multimedia 
broadcast via a communications network 20 (e.g., the Internet). RAS 30 (e.g., also a 
server) can receive the global broadcast from the communications network 20, and 
make this broadcast available to IMC 50 using the multicast communication scheme 
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described above with reference to Figure 2 and as shall be described in further detail 
below. In addition, RAS 30 can broadcast a local broadcast to IMC 50, preferably 
also using the multicast communications scheme as shall be described below. AMA 
40 is coupled to RAS 30 so as to insert additional content, indicating advertisements, 
5 into the particular segments of the global broadcast that is received from RSC 1 0 via 
the communications network 20. AMA 40 can be a separate server with its own 
storage database or a media database which is within RAS 30. IMC 50 can be used to 
receive the global broadcast (which may include additional content inserted by AMA 
40) as well as a local broadcast by RAS 30. 

10 An exemplary implementation of the system according to the present 

invention is shown in Figure 4. In this implementation, RSC 1 0 may include a content 
server 105. The server 105 (via an Internet Protocol communication arrangement 
120) transmits the global broadcast (e.g., the multimedia content) to an arrangement of 
routers 140 which are part of the Internet (i.e., the communications arrangement 20). 

15 These routers 140 deliver the global broadcast to a local station 1 50 (e.g., part of RAS 
30), which can pass this global broadcast to IMC 50. The multimedia content may 
also be distributed via one or more broadband low earth orbiting satellites 1 10 to RAS 
30, via an earth station arrangement 130. As indicated above, the local station 150 
can also provide its own local broadcast to IMC 50. The exemplary implementation 

20 shown in Figure 4 preferably utilizes the multicast communication throughout the 
system. However, if particular portions of the system are not capable of using such 
multicast communication, it is possible to utilize an alternate scheme in those 
particular portions as described in greater detail below. It is preferable to implement 
the multicast communication scheme described above with reference to Figures 2 and 

25 4 between RSC 1 0 and RAS 30 as well as between RAS 30 and each IMC 50. 

Figure 5 shows a detailed illustration of another implementation of the 
system of Figure 3. This illustration and the illustration provided in Figure 2 shall be 
referred to below to explain a particular utilization of the multicast communication 
scheme and how such scheme may be modified in accordance with the system and 

30 method of the present invention. In particular, all RSCs 1 0 have access to a plurality 
of multicast channels 500 (i.e., addressed at locations Ml to Mi). These addresses 10 
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may be provided in memory or on the hard drive of one of RSCs 10, in a shared 
memory distributed between, or may be located on a storage device remote from 
RSCs 10. The multicast address can also be assigned by a multicast address 
dispersing computer. In addition, all RSCs 1 0 have access to a global index address 
5 Mx. 

In general, a particular one of RSCs 10 may provide a multimedia 
stream at a particular multicast channel address (e.g., Ml), and then announce to the 
global index address Mx that it has provided the multimedia stream on that particular 
address. As shall be explained in further detail below, the global multicast addresses 
10 are associated with local multicast addresses so that each RAS 40 can forward either 
the global broadcast provided in at least one of the multicast channels 500 (see Figure 
2) broadcast by one or more of RSCs 10, as well as transmit the local broadcast that it 
generates. 

At boot-up time, the clients C0-C9 (i.e, IMCs 50) receive the 

1 5 information associated with the content provided in one or more of the multicast 
channels 500 (preferably by checking a local index address lmx which is associated 
with the global index address Mx as shall be described in further detail below). In 
particular, by checking an address which is associated with the global index address 
Mx, the clients C0-C9 may determine which multimedia stream is currently being 

20 provided in the local channels that are associated, at least in part, with the multicast 

channels Ml -Mi. Then, one or more of RASs 30 may generate the respective requests 
to receive one or more of the global multimedia streams (provided in the channels 
which may be associated with the multicast channels Ml -Mi). It is also possible for 
the clients (i.e., IMCs 50) to receive the addresses of the updated multicast channels 

25 500 from the source (i.e., RSC 10) in real-time or when desired. The requests are 

transmitted upstream to the routers (not shown) which are connected to the respective 
clients (i.e., IMCs 50). 

Provided below is a detailed description of the exemplary components 
of the illustrative system and method according to the present invention described 

30 above, with reference to Figure 5. 
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I. Radio/Television Station Client (RSC)/Primary Station 

As indicated above, RSC 10 can be a computing device of any regular 
radio/television station/broadcaster that is capable of transmitting its regular 
programming on an Internet Protocol-based network. It should be understood that 
5 Radio Station Client (RSC) can also be a station client which transmits a television 
type broadcast over the communications network. When RSC 10 broadcasts its 
program over the communications network 20 (e.g., the Internet), such broadcast is 
transmitted to an Internet gateway (not shown in Figure 5) (e.g., a router) located near 
the server's location. Each primary station of RSC 10 (e.g., PS1, PS2 ... PSn as shown 
10 in Figure 5) can preferably transmit its broadcast on an assigned unique multicast 
channel corresponding to a particular multicast address (e.g., Ml, M2... Mi), and the 
respective broadcasted content is provided to this address. As discussed above, the 
assigned multicast address, along with few other relevant parameters, are announced 
to a global multicast address (Mx). 

15 II. Antenna Server(RAS)/Local Station 

RASs 30 are generally distributed according to the population, the 
geographic area and/or some other topology. Each RAS 30 preferably offers two 
program tracks to a user of IMC 50 - the global broadcast transmitted by RSC 10 and 
the local broadcast provided by RSC 30. In should be understood that RAS 30 can 

20 transmit/receive televison broadcasts. Since numerous global broadcast can be 

provided on a number of multicast channels, RSC 30 preferably relays at least a subset 
of all transmitted programs in the global broadcast to IMC 50. The broadcast 
transmitted by RSC 1 0 is generally transmitted globally with gaps in the global 
broadcast so that the local advertisement and/or promotional content can be inserted in 

25 such gaps. The local broadcast may be local news segments provided by RAS 30. 
This scheme according to the present invention provides the user of IMC 50 with an 
ability to receive either the local broadcast or the global broadcast. 

RAS 30 preferably includes a Management Server (MS) 200 and a 
channel database 220. The Management Server 200 creates and/or maintains the 

30 channel database 220, records the statistics regarding the number of IMCs 50 that are 
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receiving a particular broadcast at a particular local multicast channel, provides 
control tools for maintaining and modifying configurable parameters, and manages 
the interface with other devices (e.g., a RTSP server and/or media database, etc.). For 
each RAS 30, the Management Server 200 monitors the global index address Mx, and 
receives the global multicast channels Ml, M2 ... Mi (which provide the audio and/or 
video streams) that are described by the global index address Mx. 

These multicast channels are provided in an encrypted form to RAS 30. 
An exemplary scheme to decrypt the encrypted multicast channels at RAS 30 shall be 
described in further detail below. After decrypting one or more of the global multicast 
channels Ml, M2 ... Mi, the stream provided at the address of the decrypted multicast 
channel (e.g., the global channel Ml) is rerouted to a particular local multicast channel 
(e.g., the local channel lm2) that is provided at a corresponding local address. In this 
manner, IMCs 50 can receive the decrypted stream which is provided at the global 
channel Ml to RAS 30. RAS 30 also maintains the directory services, and keeps track 
of the IMCs 50 that receive a particular broadcast (i.e., local and/or global). Hence, 
RAS 30 can provide pay-per-listen and/or pay-per-view channels, bill the subscriber 
using the IMCs 50 and manage them. 

III. Advertisement/Media Arrangement (AMA) 

As described above, RAS 30 may include AMA 40, or AMA 40 can be 
provided remotely from RAS 30. AMA 40 includes a Local Advertisement Server 
210 (which can be an RTSP server). This Local Advertisement Server 210 is capable 
of playing local media on demand programs (e.g., songs and/or music videos), as well 
as inserting a local advertisement into the global broadcast during a commercial break 
thereof. 

IV. Internet Multimedia Client (IMC): 

IMC 50 can be a wired Internet Protocol (IP) device or a wireless IP 
device. For example, IMC 50 can be considered wired when it is connected on a LAN, 
and wireless when it is located remote from the LAN and communicating over a 
wireless communications link. IMC 50 is capable of executing application programs 
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which monitor the local index multicast address lmx where data regarding the global 
or local program are provided. Conventional tools (e.g., NeVot, Vic, vat or any tool 
based on SAP/SDP standards) can be utilized by IMCs 50 to monitor the broadcasts 
and receive the multimedia (e.g., audio and video) streams from the local multicast 
5 channels 1ml, lm2 ... lmi. Using these tools, IMCs 50 may select any of the broadcasts 
(i.e., local or global) provided by RAS 30 by e.g., viewing the local multicast index 
address lmx on the displays of IMCs 50. 

Once, IMC 50 selects a particular channel, it starts sending an RTCP 
signal and receives the audio and/or video stream over UDP/IP. The protocols 

10 described herein (e.g., RTPC, UDP/IP, etc.) are known in the art, some of which shall 
be described below in a greater detail. After receiving the RTCP signal, the 
Management Server 200 starts monitoring the global multicast address of the global 
multicast channel which provides the broadcast (e.g., the radio program) selected by 
IMC 50. When the broadcast at the selected channel is detected, RAS 30 directs it to 

15 the assigned address of the local multicast channels. The Management Server 200 
continues to transmit the broadcast content, and only interrupts the broadcast when 
there are no more IMCs 50 that are receiving and/or requesting this broadcast. 

As shown in Figure 6A, IMC 50 can be a radio having an ability to 
toggle between AM/FM broadcasts and the Internet channels, and/ or a television 

20 which can receive wireless and/or cable broadcasts, as well IP broadcasts. For 

example, it is possible to provide a wireless interface having UDP/IP multicast stack 
which can be connected to a conventional portable radio or a portable television, (or 
utilized independently). Thus, the connection of an conventional radio/television 
receiver to the Internet can be accomplished. As an example, the conventional 

25 radio/television receiver includes a tuner for AM/FM broadcasts and/or for the 

television broadcasts. In addition, this radio/television receiver may include a switch 
(e.g., a mechanical switch, an electrical switch, an automatic software switch, etc.) 
with which the radio/television receiver can be converted to an Internet-ready device. 
Based on the SDP parameters of the program being broadcasted, the tuner of the 

30 Internet-ready device would detect the broadcasts and possibly categorized them (e.g., 
News, Entertainment, etc.). Advantageously, the categories and the available 
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broadcasts are presented on a display screen of such device so that the user can select 
which category /broadcast he or she would like to receive. 

It is also possible to utilize a conventional speech 
generation/recognition system in connection with the Internet-ready device. For 
5 example, the device would provide the available broadcasts/categories to the speech 
generation/recognition system which would then generate voice-type descriptions of 
the broadcasts/categories. Then, the user may vocalize his or her selection, and the 
speech generation/recognition system would determine the selection and provide the 
requested action. 

10 B. EXEMPLARY PROTOCOLS AND OPERATION/IMPLEMENTATION 
I. Protocols 

The system and method according to the present invention uses (and 
possibly modifies) the conventional protocols, i.e., SAP (Session Announcement 
Protocol), SDP (Session Description Protocol), RTSP (Real-Time Streaming 

1 5 Protocol), RTP (Real-time Transport Protocol), TCP, UDP, IP and IP Multicast. An 
exemplary protocol stack utilized by the exemplary embodiment of the system and 
method is shown in Figure 6B. The network infrastructure can be wired and/or 
wireless. One exemplary implementation of this infrastructure can operate with 
LMS/MMD wireless links. 

20 Provided below is a short description of the primary protocols that can 

be used by the exemplary embodiment of the system and method of the present 
invention. 

SDP is a Session Description Protocol which is usable for multi-media 
sessions, and can be utilized as a format for a session description (generally does not 

25 incorporate a transport protocol). SDP is intended to be used for different transport 
protocols as appropriate, including SAP, SIP, RTSP, electronic mail using MIME 
extensions, and HTTP. SDP includes the session name and purpose, the time the 
session is alive, the content type (e.g., audio and/or video) comprising the session, 
information to enable reception of those content types (addresses, ports, formats etc.), 

30 the bandwidth to be used by the broadcast, and the contact information for the person 
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responsible for session. SDP is widely used for the multicast sessions over the 
Internet. In order to assist in the advertisement of multicast sessions and to 
communicate relevant session setup information to prospective participants, a 
distributed session directory can be used. An instance of such a session directory 
5 periodically multicast packets containing a description of a multimedia session to a 
multicast address. These signals are subsequently received by potential participants, 
who can use the session description to start the tools required to participate in the 
session. Using this protocol, the sender can assign a particular bandwidth for a 
particular application (e.g., radio and/or television broadcast). In this manner, the 

1 0 more popular or bandwidth-intensive application (e.g., television news) would use 
more bandwidth than non-popular application/broadcast. Thus, a popularity-based 
spectrum management can be achieved. 

SAP is an announcement protocol that distributes the session directory 
to the multicast conference sessions. An SDP datagram is part of the payload for SAP. 

15 SAP client which announces a conference session, periodically multicasts an 

announcement packet to a known multicast address and port. The appropriate address 
is determined by the scope mechanisms operating at the sites of the intended 
participants. IP multicast sessions can be either TTL-scoped or administratively 
scoped. Thus, an instance of the session directory may need to listen on multiple 

20 multicast addresses. The announcement contains a session description and optionally 
an authentication header. The session description may be encrypted. It is preferable to 
provide an authentication and integrity of the session announcements to ensure that 
only authorized parties modify session announcements, and to provide the facilities 
for announcing the securely encrypted sessions while providing the relevant proposed 

25 conferees with the means to decrypt the data streams. 

RTSP is a client-server multimedia presentation control protocol 
which is used for an efficient delivery of streamed multimedia over IP networks. It 
utilizes the existing web infrastructure (e.g., inheriting authentication and PICS from 
HTTP). This application level protocol may provide the robust streaming multimedia 

30 in one-to-many applications via unicast and multicast communication arrangements, 
and may support the interoperability between the clients and the servers from different 
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vendors. The process of streaming breaks media streams into many packets sized 
appropriately for the bandwidth available between the client and the server. When the 
client receives enough packets, the user software can be playing one packet, 
decompressing another, and receiving a third. The user can begin listening almost 
5 immediately without the necessity to download the entire media file. RTSP can 

control multiple data delivery sessions, and is capable of providing a way for selecting 
the delivery channels (such as UDP, TCP, IP Multicast) and delivery mechanisms 
based on RTP. RTSP can be used in conjunction with other protocols to set up and 
manage the reserved-bandwidth streaming sessions. 

1 0 RTP is a thin protocol which provides support for applications with 

real-time properties which can be run over UDP. RTP provides a timing 
reconstruction, loss detection, security and content identification. RTP can be used, 
possibly without RTCP, in the unicast or multicast communication arrangements. In 
order to set up an RTP session, the application may define a particular pair of the 

15 destination transport addresses (e.g., one network address and a pair of ports for RTP 
and RTCP). In a multimedia session, each medium (e.g., audio, video, etc.) can be 
transported in a separate RTP session with a corresponding RTCP session reporting 
the reception quality. 

RTCP may operate in conjunction with RTP. It provides support for 

20 the real-time conferencing of large groups on the Internet. RTCP control packets are 
periodically transmitted by each participant in an RTP session to all other 
participants. The feedback of the information to the application can be used to control 
the performance and for other diagnostic purposes. RTCP provides the following 
exemplary functions: 

25 Feedback to sending application regarding the quality of the data 

distribution. 

Identification of the RTP source. 
RTCP transmission interval control. 
Communication of the minimal session control information. 
30 SIP has been adopted by the industry, in many cases, as the signaling 

protocol for the Internet conferencing and telephony. SIP is a client-server protocol 
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which provides the mechanisms so that the end systems and the proxy servers can 
provide different required services for setting up a proper signaling scheme. SIP 
creates, modifies and terminates the associations between the Internet systems (e.g., 
conferences and point-to-point calls). SIP is a text-based protocol similar to HTTP 
5 and RTSP, in which the requests are issued by the client, and the responses are 
returned by the server. SIP is independent of the packet layer and only utilizes a 
datagram service, since it provides its own reliability mechanism. This "light-weight" 
protocol is typically used over UDP or TCP, and provides light-weight signaling. SIP 
supports the unicast and multicast communication schemes, as well as combinations 
10 of thereof. It can implement a variety of the conference-related services with a small 
set of handling primitives. 

II. EXEMPLARY IMPLEMENTATION USING THE PROTOCOLS 

The general implementation of an exemplary embodiment the system 
and method according to the present invention has been already described above. An 
1 5 exemplary implementation of the system and method utilizing the above-discussed 
protocols is as follows. 

a. Channel Announcement 

With reference to Figure 5, according to the present invention, a 
particular RSC 10 may send its program live on a unique global multicast channel 

20 (e.g., Ml) globally scoped and encrypted using RTP/UDP. Other RSCs 10 can also 
broadcast their programs on other global multicast channels. Indeed, the multicast 
channel address is different for each broadcast and/or for each RSC 10. These stations 
send their session announcement using a subset of SDP parameters to the global index 
multicast address Mx (which can be encrypted). This common global multicast 

25 address contains a list of the programs that are being broadcasted by RSCs 10 on the 
communication network 20. SDP or a variant thereof can be modified to provide 
IMCs 50 with additional details regarding the streaming being broadcasted. 
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b. Channel Management 

Figure 7 shows a flow diagram representing an exemplary 
implementation of one embodiment of the method according to the present invention. 
In particular, each RAS 30 has a global encryption key which is used by the respective 
5 RAS 30 to monitor the global index multicast address (Mx) to obtain, e.g., the listing 
of the channels and the contents of the channels (step 300). Then, it is determined 
(e.g., using a decryption technique) if RAS 30 can receive some or all global 
broadcasts (step 310). If so, RAS 30 is then provided with an authorization to utilize 
the global broadcast on the global multicast channels Ml ...Mi provided by RSC 10 

10 (step 320). Either automatically or via the manual control, RAS 30 may decide to 
broadcast at least a part of the list to IMCs 50 that are associated with RAS 30. For 
this purpose, RAS 30 may create and/or utilize the channel database 220 which 
contains the list of the supported channels, each with their appropriate attributes, to 
associate the global broadcast channels with the local broadcast channels (step 330). 

15 The subset of channel descriptions announced by each RSC 10 provides sufficient 
data for generating and updating this database 220, which may be a subset of the list 
that is received from the global index multicast address Mx. In this manner, the 
association between the global and local multicast channels can be recorded in the 
channel database 220 (step 340). 

20 Then, it is determined if RAS 30 is also transmitting a local broadcast 

(step 350). If so, RAS 30 transmits its local programs on a specific local multicast 
address lm_l, and records this information in the channel database 220 (step 360). If it 
is determined in step 350 that RAS 30 is not transmitting the local broadcast, the 
process proceeds to step 370, in which RAS 30 either generates and/or modifies the 

25 information in the channel database 220 regarding the broadcasts (e.g., local and/or 
global broadcasts) which are available for IMC 50. In step 380, RAS 30 sends the 
information provided on the local index multicast address lmx for the announcement 
using SAP to its IMCs 50. RAS 30 also sends the announcement regarding its own 
local programs to the same local index multicast address lmx using SAP. The 

30 announcement on the local index multicast address lmx is preferably not encrypted 
since the RAS 30 prefers all its clients (i.e., the associated IMCs 50) to see what is 
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being broadcasted by it. In an alternative exemplary embodiment of the method of the 
present invention, RAS 30 maintains a pair of multicast addresses for each channel to 
maintain an association between the global multicast channel address (e.g., Ml). 
Using the respective channels, RSC 10 provides its global program on the local 
5 multicast channel address (e.g., Im2) on which the broadcast being is transmitted to 
IMCs 50 by RAS 30 (i.e., steps 330 and 340). 

Figure 8 shows a flow diagram representing yet another exemplary 
embodiment of the method according to the present invention which is executed when 
the information in the local index address Imx is provided to IMC 50. In particular, 

10 IMC 50 receives the information in this local index address lmx (step 400). Then, in 
step 410, IMC 50 may request to receive the broadcast from a particular local 
multicast channel (e.g., Im2). This broadcast can be encrypted or un-encrypted 
depending on the type of a payment model being utilized. Then, RAS 30 determines, 
based on the information regarding the local multicast address being requested by 

1 5 IMC 50, whether the broadcast on the particular channel is local or global (step 420). 
If it is determined that the requested broadcasted is a global broadcast (i.e., originated 
from RSC 10), RAS 30 uses the channel database 220 to route the global broadcast 
from the global multicast channel on which the requested broadcast is being 
transmitted to a corresponding local multicast address (step 430), and the process is 

20 directed to step 450. IMC 50 continues transmitting the RTCP packets to the 

Management Server 200 of RAS 30 as long as it receives the global broadcast on the 
particular local multicast channel. It should also be noted that when the Management 
Server 220 receives the global broadcast from RSC 10 on a specified multicast 
address using RTP/UDP, it also periodically exchanges RTCP signals with RSC 10. 

25 If it is determined that the requested broadcast is a local broadcast (i.e., 

originated from RAS 30), RAS 30 provides the local broadcast to IMC 50 on the local 
multicast channel lm l which is assigned for local broadcasts (step 440). If RAS 30 
indicates that another broadcast (either pre-recorded or live) or an advertisement 
should be inserted into the global or local broadcast (step 450), RAS 30 inserts (or 

30 plays) such broadcast and/or advertisement into the local multicast channel associated 
with the local multicast address of the global or local broadcasts address using, e.g., 
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SETUP and PLAY commands (step 460). For example, the inserted broadcast may be 
either a live news broadcast or a prerecorded news broadcast. Then, RAS 30 provides 
the requested broadcast on the corresponding local multicast broadcast channel (e.g., 
Im2), either with or without the additional content being inserted into the broadcast 
5 (step 470). Thus, for that particular period, a local manager of RAS 30 may decide to 
join such specific global multicast group, this may be done when the local manager 
receives the RTP packets from RSC 10, and generates the RTP/RTCP packets for 
IMC 50 on the respective local multicast address. 

c. Using the Protocols 

10 To summarize, IMCs 50 may be Internet Multimedia Clients (e.g., 

personal computers and laptops utilizing wired and/or wireless interconnect, car 
radios/televisions having the IP interface) which monitor the local index multicast 
address lmx to determine what is available. Such monitoring can be performed using 
SAP- and/or SDP-based tools. As described in the SAP specification (which is 

15 incorporated herein by reference) and as known to those having ordinary skill in the 
art, RAS 30 can update the announcement information approximately every few 
minutes. Thus, the program executed at IMC 50 may wait for few minutes before 
seeing the most updated channel information. By using SAP, this lag is either 
substantially reduced, or even eliminated, by a caching scheme. For example, this 

20 caching scheme either executes the SAP receiver of IMC 50 in the background to 

continuously keep its cache current, or moves to 'a local SAP proxy at the startup time 
of IMC 50 and requests a cache download. In the latter case, RAS 30 essentially 
becomes the SAP proxy. 

When IMC 50 makes a request to listen to one of the programs listed in 

25 the program listing (e.g., clicks on the channel), this IMC 50 sends the RTCP signal to 
the local station manager of RAS 30. If there is a broadcast (e.g., a data stream) 
already playing on this local multicast address provided pursuant to a previous request 
from other IMCs 50, then this particular IMC 50 starts receiving the audio and/or 
video stream using RTP/UDP. However, if this is the first request for such broadcast 

30 in this local domain, then RAS joins the multicast tree of the corresponding global 



WO 00/79734 



PCT/US00/16913 



23 

multicast address to receive the broadcast from the corresponding RSC 10 which is 
transmitting the requested broadcast. RAS 30 can use a conventional application 
program (e.g., "mlisten") to determine if there is any member which is part of any 
particular multicast group that is currently transmitting broadcasts, and thus should be 
5 able to determine if the request is a first such request for a particular multicast group, 
"mlisten" is a conventional multicast application for monitoring the number of users 
joining a particular multicast group (e.g. receiving information from a particular 
multicast channel). 

d. Local Advertisement Insertion 

1 0 In accordance with exemplary embodiments of the system and method 

of the present invention, the insertion of advertisement content into the global or local 
broadcast transmitted to IMC 50 is now described below. The system is implemented 
such that RSC 10 knows the starting time and the duration of a commercial break 
prior to the transmission of the global broadcast, since it controls the time for such 

1 5 break. These commercial breaks can also be event driven. Along with the RTP 

packets, RSC 10 continues sending the RTCP packets to the global multicast address 
of the global multicast channel where RASs 30 are monitoring the streams of 
broadcasts. Using the RTCP report, RSC 10 provides the signal to RAS 30 which 
indicates the time and the duration of a break in the broadcast. The term 

20 "advertisement" as used herein includes not only the content directed to selling a 
product or service or to promote the goodwill of a commercial sponsor, but also to 
public service messages and announcements, station break announcements, 
promotions and/or other programming to be broadcasted. 

Upon receiving such signal, the Management Server 200 of RAS 30 

25 requests the local RTSP server 210 (which is part of AMA 40) to start playing the 

local advertisement from a storage medium to a specific local multicast address which 
is associated with the global multicast address at which RSC 10 transmits the global 
broadcast. RAS 30 uses a set of RTSP commands, such as SETUP, PLAY and STOP 
on AMA 40. During this time, the Management Server may stop forwarding the RTP 

30 stream from the global multicast channel to the associated local multicast channel. 
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The local advertisement runs for a time determined by the Management Server 200 
using the information received from the RTCP reports. At the end of the time for the 
commercial break, the Management Server 200 sends a STOP signal to the RTSP 
server 210 so that it stops playing on that particular multicast address. Then, the 
5 Management Server 200 resumes redirecting the audio and/or video streams from the 
global multicast address to the associated local scoped multicast address. Since the 
commercial break times for RASs 30 may overlap, it is possible that the RTSP server 
210 could play several different local advertisements on the different local multicast 
addresses. An illustration of the exemplary implementation described above is shown 
10 in Figure 9. 

One implementation of the system and method for inserting the 
advertisements into the broadcasts is described in greater detail below. In particular, 
the system and method can use "Insert Ad.java" commands to insert local 
advertisements. As soon as the broadcast appears on the global multicast channel, it 

1 5 starts an InsertAd thread which listens for RTCP packets generated by RSC 1 0 (e.g., 
the RTCP port is one greater than the RTP port).The RTCP packets from RSC 
indicate the number of seconds remaining until the start of the advertisement, as well 
as the length thereof. InsertAd command inserts a local advertisement by switching 
the channel mode to "advertisement". When the global commercial is finished, 

20 InsertAd switches the channel mode back to "redirect". The list of the local 

advertisement files is specified inside a list file which are inserted using, e.g., a Round 
Robin scheduling scheme. 

At startup, RSC 10 initiates RsSendRTCP thread to notify RAS 30 of 
the commercial breaks. The thread sends the RTCP packets so that RAS 30 can insert 

25 local advertisement. The RTCP packets indicate the number of seconds remaining to 
the start of the advertisement, as well as the length of the advertisement. The start 
times of the advertisement are read in the following format (e.g., one record per line): 
day /hour/minute/second/duration; 

day is 1 through 7 which stands for Sunday through Saturday; hour is 0 
30 through 23; minute is 0 through 59; second is 0 through 59; and 

duration is specified in seconds. 
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Since the RTCP packets are transmitted over UDP, there may be a 
possibility of a packet loss or an incorrect order. To address this potential problem, 
the RTCP packets are re-transmitted (e.g., one packet 4 seconds prior to the 
advertisement, next one -3 seconds, next one -2 seconds, etc. with the corresponding 
5 value in the field which indicates the time remaining until the start of the 

commercial). In addition, to allow RAS 30 to distinguish between the re-transmissions 
and advertisements, the RTCP packets have a particular sequence number. All re- 
transmissions have the same sequence number. Each advertisement has a sequence 
number one greater than the previous sequence number. 



10 e. User Interface for Itemized Content 

It is possible to utilize and/or modify a conventional directory 
structure/user interface referred to as "sdr" in implementing the embodiments of the 
system and method of the present invention. This directory structure/user interface can 
be used as a tuning mechanism for the wireless IP radios and/or IP television, and may 

15 be touch-tone based, voice activated, etc. This "sdr" structure/program (created by 
ISI, Meriana del Ray, CA) can be modified or extended to make it more customized 
and searchable for searching purposes. For example, "sdr" can be modified to 
categorize the content of the streaming media according to the type of program being 
broadcasted (e.g., "game show", "news", etc.) In addition, it is possible to utilize a 

20 voice activated-type "sdr" according to the content type, as well as to provide a menu 
for a particular locality. Also, with a touch of a button or by pronouncing a particular 
word (e.g., "News"), sdr would provide a visual menu or a voice menu to indicate 
which channels are available to that particular locality. With another touch tone or 
voice activation, sdr may provide IMC 50 with access to the broadcast from the local 

25 multicast channel. Other features need not be further discussed, since they would be 
clearly understood to one having ordinary skill in the art. 



f. Payment Model 

There are numerous payment models that can be supported by the 
system and method according to the present invention. For example, RAS 30 may 
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collect the fees from the local advertisement sponsors for broadcasting their 
advertisements during the commercial breaks while relaying the global or local station 
broadcasts. In addition, RAS 30 may also relay some pay-per-listen and/or pay-per- 
view programs. In this case, RAS 30 pays the global station (i.e., RSC 10) a fee which 
5 depends on how many listeners/viewers are listening to or viewing a particular 

program. The number of listeners/viewers can be determined from the RTCP reports 
that are generated from IMCs 50. Every RAS 30 can also broadcast its local program 
to IMCs 50 with the segments of the news or some other premium programs relayed 
from RSCs 10. 

10 A different type of the pricing model can also be provided to reflect the 

process of determining when and on which channels the advertisers should place their 
advertisements in order to maximize their return on investment. Priorities can be 
assigned to certain advertisements so as to enable the advertisers to compete for a 
higher time slot or timing of the advertisement (e.g., the highest paying company 

15 would get the slot during the Super Bowl by using a contention algorithm). It may also 
be possible to implement the exemplary payment schemes, e.g., public financing, 
advertising and on-air solicitations for donations. Hybrid models (e.g., the paying 
customers are not required to view or listen to commercial or receive solicitations for 
donations) are also feasible. Furthermore, another embodiment of the payment model 

20 can be associated with the security model described below. 



g. Security 

It is possible to provide at least four levels of encryption for the system 
and method according to the present invention (e.g., a global announcement 
encryption, a global multicast stream encryption, a local audit encryption and a user 
25 authentication). 

Utilizing the global announcement encryption, it is possible to separate 
the global announcements from the local announcements. IMCs 50 should not be able 
to gain access to the global announcements, and would only be able to view the local 
announcements. With the global encryption key during the announcement (by RSCs 
30 10), IMCs 50 would not be allowed to find out about available the global channels, 
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and thus such scheme provides a control over to RSC 10 to announce only a subset of 
these channels to IMCs 50 via RASs 30. However, if some stations do not want to 
encrypt their contents and session announcements at all, this security model should 
effectively prevent IMCs 50, as well as the nonpaying RASs 30, from receiving the 
5 broadcast from those designated stations. Thus, each RSC 10 should maintain a secret 
key, and encrypt all outgoing content so that only a ciphertext stream is transmitted. In 
particular, the concept is to generate a symmetric encryption key at RSC 10, and 
securely distribute this key to a particular RAS 30 upon payment of the required fee. 
There are many ways this key can be distributed to the local stations, as is known to 

1 0 those having ordinary skill in the art. 

The global multicast stream encryption can be extended to RAS 30 as a 
second level hierarchy. Some of the pay-per-listen and/or pay-per-view programs can 
be announced to the local multi-cast addresses in any domain using the encryption key 
so that an appropriate fee collection procedure can be established for the IMCs 50. 

1 5 Any type of encryption can be applied to the audit data of RAS 30, so as to preserve 
the sensitive information such as the secret keys of RSCs 10, the information for the 
pay-per-listen and/or pay-per-view channels, the user accounts, and the payment data. 
The advertising entities can be authenticated so that unauthorized companies could 
not gain access to AMA 40. 

20 In practice, each RAS 30 generates its own Public Key/Private Key 

pair. Each RSC 10 generates an SEK key, and begins transmitting the encrypted audio 
and/or video content. This SEK key should be distributed to the participating RASs 30 
in a secure way so that other RASs 30 (which did not pay) cannot obtain this key. As 
such, the Public Key technology is employed for this purpose. RAS 30 submits the 

25 Public Key to RSC 10 along with its payment. Then, RAS 30 receives an Integer ID 
from RSC 10 which is later used to index the SEK distribution list. RSC 10 collects 
the Public Keys from RAS 30 and adds these keys to its SEK distribution list upon 
their payment. 
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h. Logging Mechanism 

One of the purposes of providing a logging mechanism for the system 
and method of the present inventions is to provide a process for the advertisers to 
determine when and on which channels to place their advertisements so as to 
5 maximize their returns on investment. RTCP is well suited for allowing RAS 30 to 
collect user-specific and channel-specific listening information. In one embodiment, 
RAS 30 constantly monitors the number of users receiving the broadcast on each 
channel, as well as the type of content being transmitted (i.e., the advertisements as 
opposed to the real content). This is especially advantageous for payment purposes by 

10 the advertiser to the local station when the users join or leave the local multicast group 
at the time when the advertisement starts/stops playing. When RAS 30 detects an 
"audience change " (i.e., a change in the number of listeners or the type of content), it 
encapsulates this information into a particular structure, and passes it to the separate 
logging thread for storing into the log files. The logging thread in turn, buffers this 

1 5 information and periodically writes out the contents of the buffer, in a binary format, 
to the log files (using a java serialization). 

The above-described features - i.e., separate logging thread, output 
buffering, and binary (as opposed to text) logs - enable a quick output to avoid an 
interference with the quality of the audio and/or video transmission at run-time. In 

20 addition, these features allow for a good scalability as the number of the receivers of 
the broadcasts increase. A report generation tool can also be used to inspect the log 
files, and generate the statistics in a format that can be presented to the user. Such tool 
may support various commands, such as line options that control the way the tool 
interprets the log and presents its contents to the user. 

25 C. NON-MULTICAST ENABLED NETWORK 

The multicasting environment can be implemented for all segments 
within the system and method of the present invention. Although it may be simpler to 
implement the multicast communication in the Intranet or within an autonomous 
system (e.g., a separate domain), in the past the multicast support between the 
30 autonomous systems has not been readily available. To extend the above-described 



WO 00/79734 



PCT/US00/16913 



29 

functionality to a network where the multicast communication is not supported, it may 
be preferable to provide another embodiment of the system and method according to 
the present invention which is based on the user level or the network level application 
level. 

5 I. Multicast Tunneling - Network Layer Solution 

If there is a lack of the multicast connectivity between some portions of 
the network, the multicast connectivity can still be used by establishing a multicast 
tunnel between two different networks using the edge routers. In order to establish the 
multicast tunnel, it is preferable to provide at least one server running a multicast 
10 routing daemon in each such network. However, since this approach is a network layer 
solution, it may also be preferable if some of the hosts would be running the multicast 
routing daemon. This approach may also assume that there is a mutual understanding 
(i.e., interconnectivity) between several connectivity providers. 

' II. UDP servers - User Level Solution 

1 5 It may be easier to implement the multicast communication within the 

Intranet. Since the multicast communication is not yet widely deployed over the wide 
area network (i.e., some of the intermediate routers may not support the multicast 
communication), the multicast connectivity between portions of these autonomous 
systems may not currently exist. Figure 10 shows an exemplary configuration where 

20 there is no multicast connectivity in the wide area network, but the multicast 
communication is enabled within the local area. Thus, there may be islands of 
multicast enabled networks, but there may not be any multicast connectivity between 
the islands. In this exemplary configuration, a UDP Server 550 is provided. This UDP 
Server 550 is co-located with RAS 30. It is also possible that its functionality is 

25 provided in the Management Server 200. This UDP server 550 can use a modified 

version of "rtptrans" which allows a conversion of the audio and/or video stream from 
the multicast network type to the unicast network type, and vice-versa, "rtptrans" is a 
conventional RTP translator application which copies RTP packets from any number 
of unicast and multicast addresses. Alternatively these servers can use "UDP Multicast 
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Tunneling Protocol" (UMTP) which can set up a connection between the multicast 
enabled islands by tunneling multicast UDP datagrams inside unicast UDP datagrams. 

In particular, whenever any radio station wants to announce its program 
to the Internet, or if any system wants to broadcast content to the Internet, these 
5 devices register with the nearest antenna server. This can be done as described above, 
where each broadcaster will send its announcement on a specific multicast address in 
the local domain, and RAS 30 will receive the announcement through SAP. Each 
RAS 30 is responsible for maintaining a database of the program profile of the set of 
radio stations announcing in the same domain. If there is no multicast connectivity 
10 between antenna servers over the wide area network, then RASs 30 would update each 
other's program schedules which can be categorized according to, e.g., the News type. 
Thus, at any point in time, each RAS 30 will have the program schedule of all RSCs 
10 broadcasting globally, in addition to its own local program if RAS 30 is 
broadcasting the local program. 



1 5 III. Utilization of UDP Multicast Tunneling Protocol (UMTP) 

In order to extend this multicast connectivity to all the autonomous 
systems, LTDP servers that execute the convention UDP Multicast Tunneling 
Protocol can be implemented for a use with the system and method according to the 
present invention. For example, the UDP Multicast Tunneling Protocol establishes a 

20 connection between two end-UDP servers by tunneling the multicast UDP datagrams 
of the respective domain inside unicast UDP datagrams. Each UDP server is located 
within the autonomous system and that autonomous system is multicast capable. In 
this case, both the end points of the tunnel act as masters. Whenever a tunnel endpoint 
- whether a master or slave - receives a multicast UDP datagram addressed to a, e.g., 

25 group, port, etc., that is currently being tunneled, it encapsulates this datagram, and 
sends it as a unicast datagram to the other end of the tunnel. Conversely, whenever a 
tunnel end-point receives, over the tunnel, an encapsulated multicast datagram for a 
group or port of interest, it decapsulates it and resends it as the multicast datagram. 

Each UDP server in an autonomous domain listens to the local 

30 common multicast address to find out the announcement within its domain, and passes 
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it to the other UDP servers in other domain within an encapsulation. Another UDP 
server, after receiving the local multicast address, decapsulates and announces it on 
the local multicast address in the other domain. These UDP servers keep listening to 
each other periodically to update the announcement status. Thus, at any particular 
5 point in time, each client knows the program status of several programs that are 
playing within various domain. If a client prefers to listen to a particular program 
playing in a different domain, it makes a request on the local common announcement 
bus. The local UDP server receives the request, and passes this request to the 
corresponding UDP server in the proper domain. The remote UDP server sends the 
10 encapsulated stream on a unicast address, and the local UDP server sends it on the 
appropriate multicast address in the local domain. It is preferable if there is no 
overlapping of the multicast addresses with those provided in a different zone (e.g., a 
zone provided remote from the zone which provide the information on the multicast 
channel). 

15 IV. RTP Trans 

It is also possible to provide an RTPTrans server which converts the 
multicast stream to the unicast stream, and vice versa. A dedicated RTPTrans server 
can be provided in each area. Alternatively, the RTPTrans server can be a part of RAS 
30. For example, the RSCs 10 in the local area transmit programs to the specified 

20 multicast addresses, and send their announcements to the common multicast address. 
The local RTPTrans server listens to these announcements, and send them to other 
RTPTrans servers located in different areas, where the announcements are transmitted 
to the common multicast announcement address in that specific area. Thus, when RAS 
30 listens to the common multicast address using SAP, it can obtain the program 

25 listing of RSCs 1 0 in other areas, in addition to the listing in its own area. The 

RTPtrans server receives the unicast audio and/or video stream from each RSC 10 via 
other RTPtrans server, and multicasts it on a specific multicast address corresponding 
to the remote radio station. 
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D. MOBILITY MANAGEMENT 

Another embodiment of the system and method according to the 
present invention provides a Mobility Management (MM) technique. This technique is 
especially preferable when IMCs 50 are mobile and wireless. Thus, e.g., area 1 may be 
5 covered by one RAS 30 provided one subnet, and area 2 may be covered by a second 
RAS 30 provided on another subnet. As the mobile and wireless IMC 50 moves from 
area 1 to area 2, it is essential for the mobile IMC 50 to continue receiving (i.e., 
without significant interruptions) the broadcast it was receiving from RAS 30 
covering area 1 . As shall be described in further detail below, one way to accomplish 

1 0 such uninterrupted broadcast is to imitate the streaming of the broadcast that the 

mobile IMC 50 has been receiving in area 1 into area 2. RAS 30 in area 2 should have 
adequate information about the mobile IMC 50 traveling into area 2 so that it can now 
begin streaming with virtually no perceived discontinuity in the broadcast to the 
mobile IMC 50. Provided below is a description of possible approaches to address the 

1 5 triggering of the multicast streaming in the wireless environment when the mobile 
IMC 50 moves from one subnet to another. 

As described above, each RAS 30 may have two interfaces having 
respective addresses, one can be a global address and other maybe a local address. It 
is also possible to utilize one interface for both address configurations. As shown in 

20 Figures 1 1 A and 1 IB, symbols la, lb, Ic represent globally known subnets (e.g., 

globally addressable subnets) connected to one of the interfaces of respective RAS 30, 
while symbols ia, ib, ic represent the local subnets (or cells) connected to the 
secondary interfaces of RAS 30, and could be local to that particular area.. 

In operation, RAS 30 receives the multicast stream through its global 

25 interface and redirects it out through the local interface for IMC 50 in each cell. In the 
exemplary implementation shown in Figures 1 1A and 1 IB, symbols SI, S2 ... S5 
represent servers (or RASs 30) which are connected to upstream routers. Each server 
(with the exception of S2 and S3 which are connected to the same subnet via a 
multicast switch) is connected to a different subnet, and to a separate interface. Each 

30 server is assigned to one particular cellular region, which can be a part of a private 
subnet dedicated for the local user. The base stations are not shown in Figures 1 1 A 
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and 1 IB for the sake of simplicity of the depiction. These base stations can be IP 
based. It is also possible for the servers to behave as the base stations on one of its 
local interfaces (e.g. having dual interfaces). It is also possible to connect the second 
interface of the server to a non-IP based base station (e.g., a layer-2 base station), 
5 which would perform the handoff. In the illustrated implementation, the servers S2 
and S3 are connected to a multicast switch, which then becomes a part of the same 
subnet that can manage the traffic using GSMP. GSMP is a General Switch 
Management Protocol which can be used in multicast transmissions at a switch level. 
Using GSMP, is possible to save the bandwidth of an adjacent cell if both cells are 
10 part of the same subnet. Different exemplary schemes to effectuate the handoff of the 
broadcast when the mobile IMC 50 moves from area 1 to area 2 (i.e., from subnet S3 
to subnet S4) shall be described in further detail below. 



I. Post-Registration 

The post-registration approach is the easiest approach. However, it 

1 5 may take a long time for the same multicast stream to be directed in the new cell. In an 
exemplary scenario, the mobile IMC 50 move to a new cell (i.e. from cell ib to cell 
ic), obtains the new IP address if it is moving to a new subnet, and then sends the join 
query via RTCP or IGMP scheme. In this case, there may still be a latency during 
hand-off. This latency can be avoided by other schemes described below. 

20 Popularity based spectrum management to address the limits of 

spectrum, e.g., a control mechanism to manage an audio/video stream based on a 
popularity of the program. 

In an implementation of an exemplary embodiment of the system and 
method according to the present invention, the mobile IMC 50 moves to an adjacent 

25 cell (i.e., from cell ib to ic), obtains a new IP address via a multicast address dispenser 
server if it is moving to a new subnet, and sends a "join" message via RTCP or IGMP 
scheme. After the handover, the mobile IMC 50 would continue to receive the 
multicast streaming content in the new subnet if there are other active participants in 
that adjacent cell receiving the content which the mobile IMC 50 wants to receive. If 

30 there is no participants which receive a particular streaming content in the adjacent 
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subnet into which the mobile IMC 50 moves into, then the mobile IMC 50 joins the 
group by itself after receiving the query from the "first-hop" router (e.g., the router to 
which the mobile IMC 50 is directly connected to). 

It takes some time for the mobile IMC 50 to configure itself after the 
5 move, and then join the group. For example, the mobile IMC 50 may wait for 70-75 
seconds to receive the multicast traffic it was previously receiving after a handover. It 
is also possible to use a discovery agent to discover that the mobile IMC 50 has 
moved to another subnet (i.e., the mobile IMC 50 received a new address). This 
determination may triggers the above-described joining scenario. 

1 0 Advantageously, the above-described handover timing can be reduced 

by exploiting a fast reconfiguration and join time using RTCP (via application layer 
triggering). For example, if the adjacent cell is not a new subnet , then the mobile IMC 
50 does not need to be reconfigured. Indeed, the mobile IMC 50 retains its IP address, 
and the triggering procedure can still be activated using RTCP by utilizing a variation 

15 of GSMP. Otherwise, the streaming content would already be flowing in the adjacent 
cell via the multicast communication technique. 

II. Pre-Registration 

Each station (e.g., the servers SI, S2 ... S5) can have multiple 
neighboring stations (i.e., also servers). For each of these station being shared with 

20 another station, it is preferable to issue a multicast announcement (e.g., a multicast 
address), where each station can determine the program subscribed to, e.g., the group 
address used by the mobile IMC 50. Just before IMC 50 leaves (or decides to leave) 
the current cell (a determination which could be based on the threshold value of the 
received signal), this IMC 50 sends an RTCP message to the local server. The local 

25 server then announces this RTCP message to the sharing multicast addresses, where 
the neighboring stations would be listening to in the global space. The neighboring 
stations (e.g., servers) connect to the multicast address, and verify it with the 
information in their own database to determine if this stream has already been 
transmitted (e.g., if the particular group has already been subscribed to). If another 

30 client have been listening to the same stream, then nothing is done. If the broadcast is 
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not being transmitted, then RAS 30 sends an IGMP message to the upstream router, 
and passes the stream to the local cells using a local multicast address, even before the 
mobile IMC 50 moves to the new cell. Thus, a soft hand-off is emulated for the 
associated stream. As soon as the mobile IMC 50 moves to the next cell, it can still 
5 receive the same stream without any interruption. The mobile IMC 50 sends an RTCP 
BYE message to the server as it move away from the previous server. 

III. Pre-Registration with Multicast Agent 

In this scheme, a multicast agent is utilized to take care of the multicast 
stream. The multicast agent can be provided within each router, which sends these 

10 streams to the respective global multicast addresses (e.g., for the area where these 
clients are trying to move in) in each subnet for a specific period of time, as 
determined by a timer associated with the subnet. Thus, each neighboring server 
receives the stream irrespective of whether the mobile IMC 50 is moving into that cell 
or not. As soon as the mobile IMC 50 moves into the new cell, it sends an RTCP 

15 signal to alert that the mobile IMC 50 has moved in, thus the timer does not need to be 
triggered. 

IV. During Registration 

In another scheme according to the present invention, this information 
can be passed on, as a part of a registration method. When the mobile IMC 50 moves 

20 in and attempts to acquire the address in the local subnet, it can send the request for 
that stream in its DHCP option regarding the address it has been listening to. 
However, in that case, the server may also be a registration server. Thus, at the time 
of obtaining the IP address from the DHCP server, the mobile IMC 50 can send the 
local multicast address to the server, and depending on whether the server is already a 

25 part of the multicast tree, it would ignore this request or re-join the tree. 



V. Proxy Registration 

Another scheme can deploy a proxy agent in each subnet. These proxy 
agents join the upstream multicast tree on behalf of the servers, even before the 
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mobile IMC 50 moves into the cell. The neighboring proxy server would then listen to 
a common multicast address to determine the impending host's subscribed multicast 
address. 

The foregoing describes exemplary embodiments of the present 
5 invention. Various modifications and alterations to the described embodiments will 
be apparent to those skilled in the art in view of the teachings herein. For example, 
the system and method according to the present invention can also be used for either 
wired or wireless teleconferencing over the Internet using at least in part the multicast 
communication technique. It will thus be appreciated that those skilled in the art will 
10 be able to devise numerous systems and methods which, although not explicitly 

shown or described herein, embody the principles of the present invention, and are 
thus within the spirit and scope of the present invention. 
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CLAIMS 

1 . A method for providing a broadcast of content to a receiver via a 
communication network, comprising the steps of: 

a) receiving the broadcast on at least one global multicast channel; 
5 b) associating at least one local multicast channel with the at least one 

global multicast channel; 

c) connecting the receiver to the at least one local multicast channel; and 

d) routing the broadcast from the at least one global multicast channel to 
the at least one local multicast channel to provide the broadcast to the receiver. 

10 2. The method according to claim 1 , further comprising the step of: 

e) receiving a request from the receiver to receive the broadcast. 

3. The method according to claim 1, further comprising the steps of: 

f) inserting the broadcast into the at least one global multicast channel; 

and 

1 5 g) transmitting the broadcast at the at least one global multicast channel 

from a global server to a local server. 

4. The method according to claim 3, 

wherein the at least one global multicast channel is a plurality of global 
multicast channels, and the at least one local multicast channel is a plurality of local 
20 multicast channels, 

wherein the broadcast is inserted into a first global channel of the global 
multicast channels, 

wherein the first global channel is associated with a first local channel of the 
local multicast channels, and 
25 wherein the receiver receives the broadcast from the first global channel on the 

first local channel. 
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5. The method according to claim 4, wherein the broadcast is inserted into the 
first global channel by the global server, and wherein the global multicast channels are 
received by the local server. 



6. The method according to claim 5, further comprising the steps of: 
5 h) at the global server, inserting a further broadcast of content into a 

second global channel of the global multicast channels; 

i) receiving a request from the receiver to receive the further broadcast 
from the local server; 

j) if the second global channel is not available to the local server, 
10 obtaining access for the local server to the second global channel; 

k) after step (i), associating the second global channel with a second local 
channel of the local multicast channels; and 

1) providing the further broadcast to the receiver by connecting the 
receiver to the second local channel and routing the further broadcast from the second 
1 5 global channel to the second local channel. 



7. The method according to claim 1 , 

wherein the at least one global multicast channel is a plurality of global 
multicast channels, 

wherein the at least one local multicast channel is a plurality of local multicast 
20 channels, 

wherein the broadcast is inserted into a particular global channel by a global 
broadcasting device, and 

wherein the broadcast from the global multicast channels are received by a 
local broadcasting device. 

25 8. The method according to claim 7, further comprising the steps of: 

m) inserting a local broadcast into a particular local channel of the local 
multicast channels, the local broadcast being different from the inserted broadcast; 
and 
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n) if the receiver issues a request to receive the local broadcast, 
establishing a communication link for the receiver to the particular local channel to 
receive the local broadcast. 

9. The method according to claim 1, further comprising the step of: 

o) at a predetermined time and using a multicast communication, 
determining a number of receivers which are receiving the broadcast. 

1 0. The method according to claim 1 , wherein the receiver includes an Internet 
Protocol (IP) interface which enables the receiver to receive the broadcast via an IP- 
type multicast communication. 

1 1 . The method according to claim 1 , wherein the receiver is wireless, and 
receives the broadcast in a first subnet using a multicast communication, and further 
comprising the steps of: 

p) receiving, from the receiver moving from the first subnet to a second 
subnet, a request to receive the broadcast in the second subnet; and 

q) after receiving the request from the receiver, providing the broadcast to 
the wireless receiver in the second subnet using the multicast communication. 

12. The method according to claim 1 1, further comprising the step of: 

r) stopping a transmission of the broadcast in the first subnet after 
receiving the request from the receiver. 

1 3 . The method according to claim 1 , wherein normal content of the broadcast has 
at least one break of respective predetermined duration, and further comprising the 
steps of: 

s) inserting respective predefined content data into the at least one break 
in the normal content of the broadcast; and 
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t) providing the broadcast to the receiver after the respective predefined 
content data is inserted into the at least one break of the normal content of the 
broadcast. 

14. The method according to claim 13, wherein the predefined content includes at 
5 least one of an advertisement, a station break announcement, a promotion and other 

pre-recorded content. 

15. The method according to claim 8, wherein the local broadcast has at least one 
break at a respective time and of a respective duration, and further comprising the 
steps of: 

10 u) inserting respective predefined content into the local broadcast during 

the at least one break in the normal content of the local broadcast; and 

v) providing the local broadcast to the receiver after the respective 
predefined content of the local broadcast is inserted into the at least one break of the 
normal content of the local broadcast. 

15 16. The method according to claim 1 3 , wherein the particular data includes at least 
one of an advertisement, a station break announcement, a promotion and pre-recorded 
content for global broadcast. 

1 7. A method for providing a respective predefined content to a receiver during a 

real-time broadcast of normal content, comprising the steps of: 
20 - receiving the real-time broadcast of normal content from a remote 

device via a multicast communication, the real-time broadcast including information 

indicative of a respective time and a duration of at least one break in the broadcast of 

the normal content; 

inserting the respective predefined content into the real-time broadcast 
25 during the at least one break in the normal content; and 
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providing the real-time broadcast to the receiver after the respective 
predefined content have been inserted into the at least one break in the normal content 
of the real-time broadcast. 

18. The method according to claim 1 7, wherein the respective predefined content 
5 includes at least one of an advertisement, a station break announcement, a promotion 

and other pre-recorded content for global broadcast. 

1 9. The method according to claim 1 7, wherein the real-time broadcast is received 
on at least one global multicast channel, and further comprising the steps of: 

associating at least one local multicast channel with the at least one 
1 0 global multicast channel; and 

establishing a network link between the receiver and the at least one 
local multicast channel, and wherein the real-time broadcast is provided to the 
receiver by routing the real-time broadcast from the at least one global multicast 
channel to the at least one local multicast channel. 

15 20. The method according to claim 1 7, wherein the receiver is wireless and 

receives the real-time broadcast in a first subnet using a multicast communication, and 

further comprising the steps of: 

receiving, from the receiver moving from the first subnet to a second 

subnet, a request to receive the real-time broadcast in the second subnet; and 
20 - after receiving the request from the receiver, providing the real-time 

broadcast to the wireless receiver in the second subnet using the multicast 

communication. 

2 1 . The method according to claim 1 7, wherein the receiver includes an Internet 
Protocol (IP) interface which enables the receiver to receive the real-time broadcast 
25 via an IP-type multicast communication. 
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22. A method for providing and maintaining a real-time broadcast to a wireless 
receiver on a communications network, comprising the steps of: 

providing the real-time broadcast into the receiver in a first subnet using a 
multicast communication; 
5 receiving from the wireless receiver, moving from the first subnet to a second 

subnet, a request to receive the real-time broadcast in the second subnet; and 

after receiving the request from the wireless receiver, providing the real-time 
broadcast to the wireless receiver in the second subnet using the multicast 
communication. 

10 23. The method according to claim 22, further comprising the step of: 

stopping a transmission of the real-time broadcast in the first subnet 
after receiving the request from the receiver. 

24. The method according to claim 22, wherein the wireless receiver includes an 
Internet Protocol (IP) interface which enables the receiver to receive the real-time 

1 5 broadcast via an IP-type multicast communication. 

25. The method according to claim 22, wherein the real-time broadcast is received 
on at least one global multicast channel, and further comprising the steps of: 

associating at least one local multicast channel with the at least one 
global multicast channel; and 
20 - establishing communication to the wireless receiver over the at least 

one local multicast channel, and wherein the real-time broadcast is provided to the 
wireless receiver by routing the real-time broadcast from the at least one global 
multicast channel to the at least one local multicast channel. 

26. The method according to claim 22, wherein normal content of the real-time 
25 broadcast has at least one break at a respective time and for a respective duration, and 

further comprising the steps of: 
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inserting respective predefined content into the real-time broadcast during the 
at least one break in the normal content; and 

providing the real-time broadcast to the wireless receiver after the respective 
predefined content is inserted into the real-time broadcast during the at least one break 
5 in the normal content. 



27. A receiver, comprising: 

a tuner receiving at least one of a radio broadcast and a television 

broadcast; and 

an Internet Protocol-type communication device configured to receive 
10 a real-time Internet Protocol broadcast via a multicast communication, the analog 
tuner being coupled to the Internet Protocol-type communication device. 



28. The receiver according to claim 27, further comprising: 

a switching device coupled between the Internet Protocol-type 
communication device and the tuner, the switching device being switchable between a 
1 5 first state and a second state, the first state enabling the tuner to receive broadcast 

signals, the second state enabling the Internet Protocol-type communication device to 
receive Internet Protocol type data using the multicast communication. 

29. The receiver according to claim 27, wherein the Internet Protocol-type 
communication device is connected to at least one local multicast channel for 

20 receiving the real-time broadcast from a global multicast channel. 

30. The receiver according to claim 27, 

wherein the receiver is wireless, and the Internet Protocol-type communication 
device receives the real-time broadcast in a first subnet using the multicast 
communication, 

25 wherein, prior to the wireless receiver moving from the first subnet to a second 

subnet, the Internet Protocol-type communication device transmits a request to receive 
the real-time broadcast in the second subnet; and 
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wherein, after transmitting the request, the Internet Protocol-type 
communication device receives the real-time broadcast in the second subnet by 
utilizing the multicast communication. 

31. A method for monitoring a number of receivers that receive a broadcast via a 
5 communication network, comprising the steps of: 

providing the broadcast to at least one of the receivers on at least one local 
multicast channel; and 

at a predetermined time and using a multicast communication, explain how the 
number of the receivers which are receiving the broadcast the number being 
10 determined by receiving information from the receivers indicative of the broadcast 
being received by the receiving. 



32. A device for providing a broadcast of content to a receiver via a 
communication network, comprising the steps of: 

a communication device communicating with at least one global 
1 5 multicast channel to receive the broadcast; 

at least one local multicast channel; and 

a processing device associating the at least one local multicast channel 
with the at least one global multicast channel, and routing the broadcast from the at 
least one global multicast channel to the at least one local multicast channel to provide 
20 the broadcast to the receiver. 
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ifinclude oys/socke 

Hnclude <netinet/i 
Kinclude <unistd.h> 

♦include <net/if.h> 
linclude <fcntl.h> 
^include <stropts.h 
tinclude <pthread.fc 
tinclude <sched.h> 
(tinclude <stdlLb.h> 
Hnclude <limits.h> 



tain(int argc, char -*argv) 
int listenfd, fd; 

struct sockaddr_in servaddr, cliaddr; 
int len - sizeof (cliaddr) ; 
RequestPkt *rp; 

char buffer[sizeof (RequestPkt) + MAX—FILENAME] ; 
int state_index; 

if (argc < 3) { 

printf ("usage: RAS <PAS port> <multieaat 



state_array = (State *) malloc (sizeof (Statel • MAX_STATES) ; 
for (i-0; i<NAX_STATES; i++) { 
state_array [i] . valid - false; 

listenfd - socket (AF_INET. SOCK_STREAM, 0); 
if (liatenfd < 0) { 

perror ("socket"), 

exit(l); 

1 

bzero (sservaddr, sizeof (servaddr)),- 
servaddr. sin_family » AF_INET; 
servaddr. sin_addr.s_addr - htonl <INADDR_JUJY) ; 
servaddr. sin_port - server_port; 



i£ (bind (listenfd. 



-seof (servaddr)) < 0) { 
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perror ("bind"); 



if (listen (listenfd, 1024) < 0) 
perror ("listen"); 



connfd = accept (listenfd, (struct sockaddr *) icliaddr, ilen) ; 
if (connfd < 0) { 
perror ("accept"); 



rp = (RequestPkt *) buffer; 



if ( (n = read(connfd, rp, MAX_REQUEST_LENGTH) ) <= 0) ( 
perror ("read"); 

for(i = 0; i <= current_state_index; i++) ( 
if {atate_array [i] .valid) ( 
stop(i); 



// if (n — 0) continue; 

for(i - 0; i < 12; itf) ( 
printf ("%x\n", buffer [i]) ; 

printf ("RAS: main: m_addr=%x, lm_addr=%x\n", (uint32_t) rp->m_addr, 
(uint32_t) rp->lm_addr) ; 



state_index =■ findLM(rp->lm_addr) ; 

switch (rp->request_type) { 

case PLAY: 

printf <"PLAY\n") ; 

sendStatus (play (state_index, rp->m_addr, rp->lm_addr) ) ; 
break; 

case COMMERCIAL: 
printf <"COMM\n") ; 

printf ("state_index-*d, path_length-%d, path-%s\n", 
state_index, rp->path_length, rp->path) ; 

sendStatus (commercial (state_index, rp->path_length, rp->path) ) ; 
break; 

case LOCAL_PLAY: 

printf ("LOCAL PLAY\n") ; 

pr int f ( "path_length-*d, path-%s \ n" , 
rp->path_length, rp->path) ; 
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case STOP: 

printf ("STOP\n") ; 

if (state_index < 0) sendStatus (ERROR); 
else stop (state_index) ; 
sendStatus (OK) ; 
break; 

default : 

printf ("ERRORNn") ; 
sendStatus (ERROR) ; 



findNewIndex() 



ite_index=%d\n' 



ate_index == total_threads - 1) < 
if <current_state_index + 1 >- MAX_STAXES) { 
printf ("f indNewIndexl () : returning -1 \n"); 
return -1; 

) 

else { 

printf <"f indNewIndex2 () : returning %d\n", current_state_index 
return ++current_state_index; 



for (i=0; i<=current_state_index; i++) { 
if (! stat e_array[i] -valid) ( 

printf ("findNewIndex3 () : returning %d\n", i) ; 



printf ("findNewIndexO : impossible! ! !\n") ; 



int findLM (uint32_t lm_addr) 
{ 

for (i»0; i<-current_state_index; i++) { 

if (state_array [i] .valid SS state_array [i] . lm_addr — lm_addr) 
printf ("findLM () : returning index %d\n", i) ; 
return i? 

) 

} 

printf ("findLMO : returning -l\n"); 



int commercial (int state_index, int path_length, const char *path) 
FILE *fd; 



printf ("commercial (state_index-%d, path_length-%d) \n". 



WO 00/79734 



PCT/US00/16913 



RAS.c 



Thu Jvm 



14 13:14 1999 



4 



state_index, ^ath_length) ; 

if (state_index -1 | | path_length <- 0) return ERROR; 

if (state_array [state_index] . fd) fclose <state_array (state_index] .fd); 

fd = fopen<path, "r"); 
if (fd =- NULL) { 

printf ("commercial () : error opening file\n"); 

return ERROR; 

> 

state_array [3tate_index] . fd - fd; 

state_array [state_index] . request_type = COMMERCIAL; 
return OK; 



int localPLay (uint32_t lm_addr, int path_length, const char *path) ( 
FILE *fd; 

int state_index, status; 

printf ("LocalPlay (path_length=%d, path-%s\n", 
path_length, path) ; 

if (path_length <- 0) return ERROR; 

fd - fopen(path, "r"); 
if (fd == NULL) < 

printf ("localPlay <) : error opening file\n"); 

return ERROR; 



state_index - f indNewIndex () ; 

if (state_index == -1) return STATES_FULL; 

/* create new state entry */ 
state_array [state_index] .fd - fd; 

state_array [state_index] . request_type - LOCAL_P LAY ; 
state_array [state_indexl -m_addr - NULL; 
state_array [state_index| .lm_addr - lrn_addr; 
state_array [state_index] .valid - TRUE; 

t ot al_t hreads++ ; 

/* create a new playing thread (using old state entry) */ 
if ( (status - 

pthread_create (t (stat«_array [state_index] .tid) , 

NULL, processRequest, (void *) state_index) ) !- 0) { 
printf ("play2: can't create thread: error # %d\n", status); 
exit (1) ; 

) 

return OK; 



void sendStatus (uint8_t status) 

( 

uint8_t s - status; 
write (connfd, 4s, 1); 



void *procesaRequest (void* index) 

< 

struct ip_jnreq rareq_jn, rareq_lni; 
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struct sockaddr_in sin_m, sin_Lm; 
int sock_m— 1» sock_lm; 
int numread; 
rtp_packet *rp; 

char buffer [MAX_PAYLOAD_SIZE ¥ FIXED_PKTLENGTH] ; 

char pa yload_buf [MAX_PAYLOAD_SIZE) ; 

FILE *fd; 

uintl6_t seq; 

uint32_t ssrc, ts; 

int lastPlaySeq=0, numAdSeq-O; 

uint32_t state_index = (uint32_t) index; 
uint32_t m_addr = state_array [state_index] .m_addr; 
uint32_t lm_addr = state.array [state_index] . lm_addr; 
int addr_len = sizeof (struct sockaddr_in) ; 

printf("in processRequest < inde*=%d> m_addr - %x, Lm_addr - %x, multica 3 t_port=%d\n" , state_ 
index, m_addr, lm_addr, multicast_port) ; 

if <state_array [state_index] .request_type !« LOCAL_PLAY) { 
mreq_m.imr_multiaddr.s_addr - htonl <m_addr) ; 
mreq_m.iinr_interface.s_addr = htonl (INADDR_ANY) ; 

if((soc)c_ra = socket [AF_INET, SOCK_DGRAM, 0)) < 0) ( 

exit(l); 

> 

if (setsockopt (sock_m, IPPR0TO_IP, IP_ADD_MEMBERSHIP, (char •)&mreq_m, 

sizeof (struct ip_mreq) ) < 0) { #: 
perror ("setsockopt sock_ra*),- 
exit(l) ; 



sin_m.sin_addr.s_addr - htonl (m_addr) ; 
sin_m.sin_port = htons (multicast_port) ; 
sin_m.sin_family = AF_INET; 



if (bind (sock_m, (struct sockaddr *)&sin_m, sizeof (sin_m) ) 
perror ("bind") ; 
exit(l); 

if <fcntl(scck_jn, F_SETFL, 0_NDELAY) < 0) { 
perror ("fcntl") ; 
exit(l); 



rareq_lm.imr_multiaddr.3_addr - htonl Um_addr) ; 
mreq_lra.inur_interface.s_addr - htonl (INADDR^ANY) ; 

if((sock_lm - socket <AF_INET, SOCK^DGRAM, 0)) < 0) ( 
perror ("socket") ; 
exit(l); 

} 

if (setsockopt (sock_lm, IPPROTO_IP, IP_ADD_MEMBERSHIP , (char *)4mreq_lm, 
sizeof (struct ip_jnreq) ) < 0) { 
perror ("setsockopt sock_lm") ; 
exit(l); 

sin_lra.sin_addr.s_addr - htonl (lm_addr) ; 
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if (bind(sock_lm, (struct sockaddr *>£sin_Lm, sizeof ( 3in_lm) ) < 0) < 
perror ("bind") ; 
exit(l) ; 



/* we wart the call to recv t* be non-blocking */ 
if (fcntL(sock_lm, F_SETFL, 0_NDELAY) < 0) { 

perror ("fcntl") ; 

exit (1) ; 



printf ("processRequest ( incex=%d) : request_type=%d\n", 

state_index, state_array [state_index] . request_type) ; 

while (TRUE) ( 

switch (state_array [state_index] . request_type> ( 
case PLAY : 

/* check whether there is information on the socket */ 
numread - recv(sock_m, buffer, sizeof (buffer) , 0); 
if (numread>0) ( 

rp = (rtp_packet ■*) buffer; 

if (abs (ntohl <rp->RTP_header . seq) - lastPlaySeq) >- numAdSeq-1) { 
lastPlaySeq = ntohl ( rp->RTP_header . seq) ; 

numAdSeq = 0 ; , ' 

if (sendto(scck_lm, buffer, numread, 0, (struct sockaddr ») ssin_lm, ' sizeof (atr 
4- ct sockaddr_in) ) < 0) ( 

perror ("sendto") ; 
exit(l); 

) 

} else { 

printf ("Omraiting an old packetNn"); 



case COMMERCIAL: 
case LOCAL_P LAY : 

/* default action after we finish the commercial */; 

/* atate_orray [state_index] . requeat_typ« - PLAY; «/ 

ssrc = randora32 (1) ; 
seq - 0; 
t3 - 0; 

fd - state_array [state_index] .fd; 
while (TRUE) { 

if <state_array[state_index] . request_type !- COMMERCIAL it 

state_array[state_index] . request_type !- LOCAL_PLAY) 
break; 

numread - fread (payload_buf , 1, MAX_PAYLOAD_SIZE r fd) ; 
if (numread <■ 0) ( 

fseek(fd, 0, SEEK_SET) ; 

continue; 

} 

rp - (rtp_packet *) buffer; 
rp->RTP_header . version - RTP_VERSION; 
rp->RTP_header.p - 0; 
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r p-?RTP_header . x - 0; 
rp-?RTP_header . cc - 0; 
rp->RTP_header .pt - 0; 
rp ->RTP_header . seq =■ htonl (seq); 
rp->RTP_header .ts - htorl(ts); 
rp->RTP_header.ssrc - htonl(ssrc); 
rp->payload_len - htonl (numread) ; 
memcpy (rp->payload, payload_buf, numread); 

xf (sendto(5ock_lm, buffer, FIXED_PKTLENGTH + numread, 0, (struct sockaddr *>Ssin_lm, 
iizeof (struct soc)caddr_in) ) < 0) < 
perror ("sendto") ; 



» UINT_MAX - numread/8 I I seq >= USHRT_MAX - 



seqi-+; 

ts *-= numread/8; 



usleep ((numread/8 - 10) * 1000); 
/* yield to another thread */ 
sched_yield() ; 

} 



default: /* either STOP or unknown request status */ 
if <sock_m >- 0) 
close (sock_m) ; 
close (sock_lm) ; 

state_array[3tate_index) .valid - FALSE; 

printf ("processRequest(index=%d) : request_type=%d. Returning NULL . 
state_index, state_array [state_index] .request_type) ; 



return NULL; 
■ /* switch */ 



sched_yield() ; 
- /* while (true) 



int playlint state_index, uint32_t nuaddr, uint32_t lm_addr) ( 
int status? 

printf ("play (state_iindex-%d ...): total_treads-%d, current_state_index. 
state_index, total_threads, current_state_index) ; 



If we already have an identical M-to-LM binding */ 
(state_index !=■ -1 S4 state_array [state_index] .nuaddr == m_addr) { 
if (state_array [state_index] . request_type ~ PLAY) ( 

printf ("play <state_index=%d ...): M-to-LM binding already exists\n , 

state_index) ; 
return (DUPLICATE); 

) 

if <state_array[state_index] .request_type =- COMMERCIAL) { 

printf ("play <state_index=%d ...): switching from commercial to playXn , 
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state_index) ; 
state_array [ 3 tate_index] . request_type - PLAY; 



/* If LM is already being used and M is different */ 
if (state_index != -1) { 

printf ( "play (state_index=%d ...): existing LM, new M\n", 
state_index) ; 

/* NOTE; need synchronization here V 

state_array [state_index| . request_type = STOP; 

printf ( "play () : waiting for thread to terminate\n" ) ; 

while <state_array[state_index] .valid) { I- wait for thread to terminate */ 
/* NOTE: can use condition variables here, or pthread_join ( ) */ 
usleep(lOOO) ; 

> 

printf ( "play () : thread has terminated. Proceeding ... \n" ) ; 

/* modify the old thread's state entry */ 
state_array [ state_index] .m_addr = m_addr; 
state_array I state_index] .request_type - PLAY; 
state_array [state_index] .valid = TRUE; 

/* create a new playing thread (using old state entry) */ 
if ((status - 

pthread_create(S ( state_array [ state_index] .tid), 

NULL, processRequest, (void *) state_index) ) 
printf ("playl : can't create thread: error # %d\n", status); 
exit(l); 



!- 0) < 



I* here, we have a new LM */ 

printf <*play <state_indesc=%d) : new LM\n", state_index) ; 

/* NOTE: also synchronization needed below */ 
state_index - f indNewlndex ( ) ; 

if (state_index — -1) return STATES_FULL; 

/* create new state entry */ 
state_array [state_index] .m_addr - nuaddr; 
state_array [state_index) .lm_addr - lro_addr; 
state_array [state_indexl .request_type - PLAY; 
state_array [state_index] .fd - NULL; 
state_array[state_index) .valid - TRUE; 

/* NOTE: synchronize here */ 
total_threads++; 

/* create a new playing thread (using old state entry) */ 
if ((status - 

pthread_create (S (state_array [state_index] .tid) , 

NULL, processRequest, (void *) state_index) ) !- 0) { 
printf ("play2: can't create thread: error • %d\n", status); 
exit (I) ; 
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•oid stop lint state_index) ( 



it£("stop(si 



.index=%d) : total_treads=%d. 



state_index, total_threads, current_state_index> ; 
/* NOTE: synchronize */ 

state_array [state_index] .request_type = STOP; 

printf <"stop<state_index=%d) : waiting for thread to terminated' 
state_index) ; 

while (state_array [state_index] .valid) { I* wait for thread to 
/* NOTE: can use condition variables here, or pthread_join ( ) */ 
usleep (1000) ; 

as terminated. Continuing. .. \n", 



total_threads — ; 

if (state_index == currer 
while (st ate_index >- 0 
current_state_index— 
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Marconi. . java 

import java.io-' 

import java . lane 
import java.uti; 



private InputStreara is; 
private OutputStream os; 
private Socket sock; 
private Hashtable h; 



public static void main(String args [ ]> throws Exception { 
if (args. length != 3) ( 

System. out. println ("Marconi Server demo program: usage: " + 

-Marconi <RAS hostname> <RAS port> <RTP port>"); 
System. out. println ("\nRun this program in place of Marconi " + 
"Server, to manually send requests to the Radio Antenna Server."); 
System. exit (1) ; 

} 

Marconi m = new Marconi 0; 

// create a TCP socket for communication with the RAS 

int rtcpPort - Integer. parselnt (args [2] ) + 1; 

m.sock - new Socket (args [0] , Integer .parselnt (args [1] )) ; 

m.is = m.sock.getlnputStreamO ; 

m.os = m. sock. getOutputSt ream () ; 

char choice; 
String command; 
String [] commandArray; 
byte[] requestPkt; 

while (true) { 

ProraptUser. display 0 ; 

choice - PromptUser.getlnputO ; 

switch (choice) { 
case ' 1' : // play 
// get M and LM 

commandArray - PromptUser.getPlayCommandO ; 

System. out .print ("Sending command: *); 

System. out. printLn( "PLAY " + commandArray [0] + " " + 

commandArray [ 1 ] ) ; 
requestPkt - ra.encodeRequest ( (byte) 1, commandArray [0] , 
commandArray [1] , null); 

m.sendRequest (requestPkt) ; 

insertAd iad - new InsertAd (commandArray, rtcpPort, m) ; 
m. h. put (commandArray [1] i iad); 
iad. start () ; 

break; 

case '2' : // stop 
// get LM 

command - PromptUser .getStopCommand ( ) ; 
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System. out. print ("Sending command: "); 
System, out. println < "STOP " + command); 
requestPkt = m .encodeRequest ( (byte) 2, null, 
command, null); 

m. sendRequest (requestPkt) ; 

InsertAd th = (InsertAd)m. h. get (command) ; 
if (th !- null) \ 
th.stop ( I ; 

m. h . remove (command) ; 



break; 

case '3': //local play 

commandArray = PromptUser .getLocalPlayCommandO ; 
System. out .print ("Sending command: "); 

System. out. println ("LOCAL PLAX " + commandArray [ 0] + " " + 
commandArray [ 1 ) ) ; 

Schedule sen - new Schedule (commandArray, m) ; 

System. out. println("\n Try again. \n"); 

case 'q' : 
case ' Q' : 

m. sock. close () ; 

System. exit (0) ; 

default: 

System. out. println (" Invalid option. Try again."); 
( // switch 

} // while true 

) // main 



public synchronized void sendRequest (byte [ ] requestPkt) 

( 

byte[] statusPkt - new bytetl]; 
int bytesRead; 

try { 

// send request to the RAS 

os. write (requestPkt, 0, requestPkt. length) ; 

// read the status returned by the RAS 

if ( (bytesRead - is. read (statusPkt) ) < 1) i 

System. err. println ("\nError: status not received. \n") ; 

\ 

else { 

System. out. println ("RAS returned 3tatus: " 

+ statusMeaning (statusPkt [0] )) ; 

} 

) catch (Exception e) ( 

System. out. println (e.getMessage () ) ; 
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public byteM encodeRequeat (int requestType, String m_adox, 
String lra_addr. String path) 

1 int m - 0, lm - 0, pathLength = (requestType ==311 requeatType 
»= 4) ? path. length () : 0; 

if (m_addr !- null) m = getlntegerIP (m_addr) ; 
if (lra_addr !- null) lm = getlntegerIP (lm_addr) ; 

// NOTE: we allocate 1 byte for path even if there's no path 
// (this conforms to the RequestPacket structure of the RAS) 
byte(] buffer = new byte 1 13 + ( (requestType =-311 requestType 
== 4) ? pathLength : 1)1; 



(requestType « 16) »> 24); // requeat_type 
(requestType « 24) »> 24); 



if (requestType — 1) { // play 

buffer[4] = (byte) (m ??> 24); // 4 bytes of ra 

buffer [5] = (byte) I (m « 8) »> 24); 
buffer[6] - (byte) Km « 16) »> 24); 
buffer[7] - (byte) ( (m « 24) »> 24); 

> 

else { 

buffer [4] - 0; 
buffer[5] - 0; 
buffer(6] = 0; 
buffer [7] - 0; 

> 

// lm 

buffer [8] = (byte) (lm >» 24); // 4 bytes of lm 

buffer [91 - (byte) ((lm « 8) »> 24); 
bufferllO] - (byte) ( (lm « 16) 24); 
bufferlll] - (byte) ( (lm « 24) >» 24); 

if (requestType — 3 11 requestType — 4) { // commercial 
byte[] bytePath - path . getBytea () ; 



for (int i - 0; i < bytePath. length; i++) ( 
buffertl2 + i] - bytePath[i) ; 



:e < II send a zero byte as the path if the path i 
buffer[12] - 6; 



return buffer; 



private static int getlntegerIP (String addr) { 

StringTokenizer at - new StringTolcenizer (addr, "."); 
int ip - 0; 

try < 

ip - 
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Integer .parselnt (at .nextToken () ) * 256 

Integer .parselnt <st .nextToken () ) * 256 * 256 + 
Integer. parselnt(st. nextToken!) ) * 256 * 
Integer .paraelnt (at . nextToken ( ) ) ; 

1 

catch (Exception e) { 

System. out. println("getIntegerIP<) : error: " + e . getMessage ( ) ) ; 



return ip; 
\ /I getlntegerIP 

private static String statusMeaning (byte 3tatus) ( 
switch (status) ( 
case 0: return "OK"; 
case I: return "ERROR"; 
case 2: return "DUPLICATE"; 
case 3: return " STATES_FULL" ; 

default: return " <UNKNOWN_STATUS=" + status + ")"; 
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import java.net. * 
import java.util. *; 
import java.io.*; 

public class InsertAd extends Thread 

private String mAddress; 
private String mlAddress; 
private int mPort; 
private Marconi marconi; 
private InetAddress mGroup; 
private MulticastSocket ms; 
private Vector adList; 
private int lastSeq; 

public static final int pLength = 24; 

public InsertAd (String [] cormand, inl 
mAddress - command [0]; 
mlAddress = command[l]; 
mPort = p; 



result 1= ( (buffer [start+3] « 24) »> 24); 

result 1= { (buffer [start+2] « 24) »> 16); 

result I- ( (buffer [start+1] « 24) »> 8); 

result I- (buffer [start] «24); 

return result; 

> 

public void run() { 
try { 

mGroup = InetAddress . getByName (mAddress) ; 
ms = new MulticastSocket (mPort) ; 
ms . joinGroup (mGroup) ; 



i FileReader (mAddress i 



String str; 

while ( (str - br . readLine < ) ) !- r 
if (str. equals ("") ) continue; 
adList .addBlement (str) ; 



byte (] buffer - new byte [pLength) ; 
int currentAd - 0; 
bytet] requestPkt; 

while (true) { 

DatagramPacket recv - new DatagramPacket (buffer, pLength) ; 
ms . receive (recv) ; 

int version - ( (buffer [0] « 24) »> 30); 
int subtype - buffer [0] & 31; 
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int pt = ((buffer(l) « 24) »> 24); 
short length = 0; 

Length I- ((buffer [3] « 24) »> 24); 
length I- (buffer|2| << 8) ; 

int ssrc - decodeint (buf f er, 4); 
int cSeq = decodeint (buf fer, 12); 
int remaining = decodeint (buf fer, 16); 
int cLength - decodeint (buf fer, 20); 

/» System. out. printin ( "Received packet:" + 

" subtype-" -t- subtype + 

- pt=" t pt t 

" length-" + length + 

" ssrc-" + ssrc 4- 

" seq-" + cSeq + 

" remaining-" + remaining + 

" cLength=" + cLength) ; */ 

if (version !- 2 | | subtype !» 1 II length !- pLength/4 - 1 I I 
pt != 204 II !(buffer[8] ~ ' M' S4 buffer [9] — 'a' 
S4 buffer[10| == 'r' && buffertll] =- 'c')) 

1 System. out. printin ("Received an invalid packet!"); 



if (cSeq — lastSeq) ( 

//System. out, printin ( "Received a retransmit packet!"); 
continue; 



System. out. print in ("Commercial starting in " + 
remaining + " seconds, lasting " -f cLength i 



requestPkt = marconi .encodeRequest ( (byte) 3, null, 

ralAddress, (String '" ~ 
marconi. sendRequest (requestPkt) ; 

System. out. printLn ("Commercial * 



marconi. sendRequest (requestPkt) ; 

System. out. printin (".. . Commercial " + 

(String) adLiat. elementAt (currentAd) + " Finished"); 
currentAd ■ (currentAd + 1) % adLiat. aizeO ; 

} 

■ catch (Exception e) { 

e. print StackTrace 0 ; 



public void leave () { 

try { ms.leaveGroup(raGroup) ; ) 

catch (Exception e) { e. print StackTrace <) ; 
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import java.net.*; 
import java.io.*; 
import java.util. *; 
import java. lang.Math. *; 

public class IRC < 
C 

* constants defining buffer sizes, etc. 
*/ 

public static final int payloadKBytes = 4; 

public static final int payloadBytes = payloadKBytes * 1024; 

public static final int reset - 50; 

public static final int maxEuf ferEntries = 500; 



private BufferEntry be; 
private CircBuffer cb; 

private byte[] buffer; 

private boolean newSequence = true; 

private int startSeq; 

private long startTime; 
private long current_of f set; 
private int currentSeq; 
private int ssrc; 

public IRC () { 

cb = new CircBuffer (maxBuf ferEntries) ; 



public boolean checkNewSequence (BufferEntry be) < 

if (newSequence I I Math. aba (be.seq - currentSeq) >- reset 
I | be. ssrc !- ssrc) < 

System. out .println ( "NEW SEQUENCE! !!!!!!!!!!!!!!!!!!!! 
return true; 

) 

else return false- 



public void initVarsO ( 
startSeq = be.seq; 
startTs - be.ts; 
ssrc - be. ssrc; 
Date d = new DateO; 
startTime - d.getTimeO; 

current_offset - startTime - startTs + 512 * 20; 
if (newSequence) ( 

currentSeq - startSeq; 

> 

newSequence - false; 



private void decodePacket 0 < 
int bO, bl, b2, b3; 

be - new BufferEntry () ; 

be.v - (bufferlO) « 24) »> 30; 

b0 - (buffer [2] « 24) :»> 24; 



bl 



tbuffer[3] « 24) 



24; 
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be.seq - <b0 « 8) I bl; 

b 0 = buffer [4] ; 

bi = buffer [51; 

b 2 - buffer 1 6) ; 

b3 = buffer [7]; 

bO « (bO << 24) >» 24; 

bl = (bl « 24) >» 24; 

b2 - (b2 « 24) >» 24; 

b3 = (b3 « 24) >» 24; 

be.ts = (bO « 24) I (bl « 16) I <b2 « 8) I b3; 

bO = buffer [8] ; 

bl = buffer [9]; 

b2 = buffer [10] ; 

b3 - buffer [11 J; 

bO = (bO « 24) >» 24; 

bl = (bl « 24) »> 24; 

b2 = <b2 « 24) >» 24; 

b3 = (b3 « 24) >» 24; 

be.ssrc = (bO « 24) I (bl << 16) I (b2 << 8) I b3; 

bO = buffer [16] ; 

bl = buffer [17] ; 

b2 = buffer [18]; 

b3 - buffer [19]; 

bO = (bO « 24) »> 24; 

bl - (bl « 24) »? 24; 

b2 = (b2 « 24) »> 24; 

b3 - <b3 « 24) »> 24; 

be. length - (bO « 24) | (bl « 16) | (b2 « 8) I b3; 

be.payload » new byte [be. length ] ; 
for (int i - 20; i < be. length + 20; i++) i 
be.payload[i - 20) - buffer [i]; 



public static void main (String [ ] args) ( 



IRC ire = new IRCO; 

if (args. length !- 2) < 

System. out. println ("Usage : IRC ^multicast addr> <port>-); 
return; 



String mcaatAddr - args[0]; 

int port « Integer. parselnt (args [1] ) ; 

// join a Multicast group 

InetAddreas group - InetAddress .getByName (racastAddr) ; 
MulticastSocket a - new MulticastSocket (port) ; 
s . joinGroup (group) ; 

ire. buffer - new byte [payloadBytes + 20]; 
ire. cb. start <) ; 
while (true) { 

DatagramEacket recv - new DatagramPacket (ire. buffer, ire. buffer. length) ; 
s. receive (recv) ; 
ire . decodePacket ( ) ; 



try < 
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System. out .print In ( " received packet:" + 



if (irc.cheekNewSequence (ire .be) ) 
irc.initVars () ; 

irc.currentSeq = irc.be.seq; 

ire. be. offset - irc.current_of fset; 

Date date = new DateO; 
long time = date .getTime ( ) ; 

irc.cb.enqueue(irc.be) ; 



} // while true 



catch (Exception e) { 

e.printStackTrace 0 ; 



" seq=" + irc.be.seq +• 
" length-" + ire. be. lei 



:, be. length + 




) // IRC 
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import java.io. 1 ; 

import java.net.*; 

import java.larg.*; 

import java.util.*; 

public class Marconi { 

private Inputstream is; 
private OutputStream os; 
private Socket sock; 
private Hashtable h; 

public Marconi () < 

h = new Hashtable () ; 



public static void main (String args[]) throws Exception { 
if (args. length !- 3) { 

System. out .println ("Marconi Server demo program: usage: " + 

"Marconi <RAS hostname> <RAS port> <RTP 
System. out. println < "NnRun this program in place of Marconi 
"Server, to manually send requests to the Radio Antenna Server. 
System. exit (1) ; 



Marconi m = new Marconi (); 

// create a TCP socket for communication with the RAS 

int rtcpPort » Integer .parselnt (args [2] ) + 1; 

m.sock - new Socket (args [01 , Integer . parselnt (args [1 ])) ; 

m.is = m.sock.getlnputStreamO ; 

m.os - m. sock.getOutputStreamO ; 

char choice; 
String command; 
String [] commandArray; 
byte[] requestPkt; 

while (true) { 

PromptUser. display () ; 

choice - PromptUser. getlnput () ; 

switch (choice) ( 
case ' 1' : // play 
// get M and LM 

commandArray - PromptUser. getPlayCoramandO ; 

System. out. print ("Sending command: "); 

System. out. printlnTPLAY " + commandArray |0] + " " + 

commandArray [ 1 1 ) > 
requestPkt - m.encodeRequest ( (byte) 1, commandArray [0] 
commandArray [ 1 ] , null) ; 

ra.sendRequest (requestPkt) ; 

InsertAd iad - new insert Ad (commandArray, rtcpPort, m) 
m.h. put (commandArray [1] , iad); 
iad. start 0 ; 

case '2' : // stop 
// get LM 

command - PromptUser. getStopCommandO ; 
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System. out .print ("Sending command: " ) ; 
System. out. println ( "STOP " + command); 
requestPkt = ra.encodeRequest ( (byte) 2, null, 
command, null); 



m.sendRequest (requestPkt) ; 

InsertAd th = ( InsertAd)m.h. get (command) ; 
if (th != null) { 
th. 3top ( ) ; 

m.h. remove (command) ; 



break; 

case '3': //local play 

commandArray = PromptUser . getLocalPlayCommand () ; 
System. out .print ("Sending command: "); 

System. out . println ( "LOCAL PLAY " + commandArray [ 0 1 4- • " + 
commandArray [ 1 ] ) ; 

Schedule sch - new Schedule (commandArray, m) ; 

sch. start 0 ; 

break; 



t.println(*\n Try again. \n") ; 



case 'q' : 
case 'Q' : 

m.sock.closeO ; 

System. exit (0) ; 

default: 

System. out. println ("rnvalii 
} // switch 



public synchronized void sendRequest (byte [ J requestPkt) 

{ 

bytet] statusPkt - new byte[l]; 
int bytesRead; 

try { 

// send request to the RAS 

os. write (requestPkt, 0, requestPkt . length) ; 

// read the status returned by the RAS 

if ((bytesRead - is. read (statusPkt) ) < 1) < 

System. err. println ("\nError: status not received An") ; 

else { 

System. out. println ("RAS returned status: " 

+ statu sMeaning (statusPkt [0] ) ) ; 

) 

} catch (Exception e) { 
System. out. println (e. getMessage 0 ) ; 
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public byteU encodeRequeat (int requestType, String m_adar, 
String lm_addr. String path) 

' int m = 0, lm = 0, pathLength = (requestType ==311 requestType 
==4) ? path. length () : 0; 

if <m_addr != null) m = getlntegerIP (m_addr) ; 
if (lm_addr !- null) Ira =■ getlntegerIP (lm_addr) ; 

// NOTE: we allocate 1 byte for path even if there's no path 
// (this conforms to the RequestPacket structure of the RAS) 
byted buffer = new byte[13 + ((requestType ==311 requestType 
==4) ? pathLength : 1)1; 



(byte) ( (requestType < 
(byte) ((requestType < 



buffer [2] - (byte) < (pathLength < 
buffer[3] = (byte) ((pathLength • 



// request_type 



// path_length 



if (requestType = 
buffer[4] ■ 
buffer(5] • 
buffer(6) < 
buffer [7] ■ 



(byte) ( (m « 8) »> 24) ; 
(byte) <<ra « 16) >» 24); 
(byte) < (re « 24) »> 24) ; 



buffer [4] 
buffer [5] 
buffer [6] 
buffer [7] 



// lm 

buffer [3] = (byte) (lm »> 24); // 4 bytes of lm 

buffer [9] = (byte) ((lm « 8) »> 24); 
buffer [10] - (byte) (dm « 16) »> 24); 
buffer [11] - (byte) ((lm « 24) »> 24); 



if (requestType — 3 11 requestType 
byte[] bytePath - path.getBytes ( ) 



4) 



// < 



for (int i - 0» i < bytePath. length; i-M-) { 
buffer(12 + i] - bytePath [i] ; 



else { // send a zero byte as the path if the path is empty 
buffer [12] - 0; 



return buffer; 



private static int get integerlE (String addr) { 

StringTokenizer st - new StringTokenizer (addr, "."); 

try { 

ip - 
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Intege^parseInt(st.nextToken() ) * 256 
Integer. parselnt(st.nextTokenO) * 256 * + 
integer. parselntfst. nextTokenO ) * 256 + 
Integer .parselnt (st .nextToken < ) ) ; 

) 

catch (Exception e) \ 

System. out. println ("getlntegerIP O : error: " t e . getMessage () ) ; 



return ip; 
( // getlntegerIP 

private static String statuaMeaning (byte status) ( 
switch (status) ( 
case 0: return "OK"; 
case 1: return "ERROR" ; 
case 2: return "DUPLICATE"; 
case 3: return "STATES_FULL" ; 

default: return " <UNKNOWN_STATUS-" + status + ")"; 
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import java.net.*; 

import java.util.*; 

import java.io.*; 

public class RsSendRTCP extends Thread 

private String mAddress; 

private int mPort; 

private String scheduleFile; 

private int ssrc; 

private I net Address mGroup; 

private MulticastSocket ma; 

private int cSeq; 

private Hashtable hTable; 

public static final byte version = 2; 

public static final int pLength - 24; 

public static final int retransmit - 3; 

public static final byte subtype = 1; 

public static final int maxHash = 7 * 86400; 

public RsSendRTCP (String addr, int p. String file) 
) 

mAddress = addr; 
mPort - p; 

scheduleFile - file; 

ssrc - (int) < java. lang . Math.randomO * 10000); 
cSeq - 0; 

hTable - new Hashtable 0 ; »* 

} : : 

public void run() { 
try i 

mGroup - met Address. getByName (mAddress) ; 
ms - new MulticastSocket (mPort) ; 
ms . joinGroup (mGroup) ; 

BufferedReader br - new BufferedReader (new FileReader (scheduleFile) ) ; 



String str; 

int lineNum = 0; 

while ((str => br . readLine ( ) ) !- null) { 
lineNum++; 

if (str. equals <■•) ) continue; 

StringTokenizer st - new StringTokenizer (str, " St"); 
if (st.countTokensO !- 5) { 

System. err. println ("Illegal number of parameters on line " 
+ lineNum + " of " + scheduleFile) ; 

continue; 



int day ■ Integer .parselnt (at .nextToken 0) ; 
int hour « Integer. parseint(st. nextTokenO ) ; 
int minute - Integer. parselnt (st .nextToken ()) ; 
int second- Integer. parselnt(st. nextTokenO ) ; 
int duration - Integer .parselnt (st .nextToken ()) ; 

int hash - day * 86400 + hour * 3600 + minute * 60 + second; 

// System. out. printLn ("Inserting " + day +• " * + hour + ■ ■ + 

f I minute + " " + second + " * + duration + " " + hash) ; 

hTable. put (new Integer (hash) , new Integer (duration) ) ; 
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br. close () ; 

while (true) { 

Calendar myCalendar - Calendar. get Instance ( ) ; 
int day - myCalendar . get (Calendar . DAY_OF_WEEK) ; 
int hour - myCalendar. get (Calendar .H0UR_OF_DAY) ; 
int minute = myCalendar . get (Calendar .MINUTE) ; 
int second = myCalendar . get ( Calendar . SECOND) ; 
day— 



Integer d; 

if ( (d - (Integer) hTable. get (new Integer (hash) ) ) !- null) ( 
int duration - d . int Value () ; 

// create an RTCP packet 

byte (I buffer = new byte [pLength] ; 

buffertO) = (byte) (version << 6); // version, p 

buffer[0] |= subtype; // subtype 

buffer[l] = (byte)204; // pt 

short 1 - pLength/4 - 1; 



buffer{2] = 


(byte) 


buffer [3] - 


(byte) 


// ssrc 




buffer [4] = 


(byte) 


buffer [5] - 


(byte) 


buffer [6] - 


(byte) 


buffer [7] = 


(byte) 


// name 




buffer [8] - 


'M' ; 


buffer [9] - 




buffer [10] 




buffer [11] 




// cseq 




buffer [12] 


■ (byte) 


buffer[13] 


- (byte) 


buffer [14] 


- (byte) 


buffer [15] 


- (byte) 



cSeq - <int) ( (cSeq — 32767) 



l); 



// length of commercial 
buffer[20] - (byte) (duration »> 24); 
buffer [21] - (byte) ((duration « 8) »> 24); 
buffer(22] - (byte) ((duration « 16) »> 24); 
buffer [23] - (byte) ((duration « 24) »> 24); 



for (int i - retransmit+1; i>0; 



-) < 



// time remaining to commercial 
buffer[16] - (byte) (i »> 24); 
buffer [17] - (byte) ( (i « 8) »> 24); 
buffer [18] - (byte) ( (i « 16) »> 24); 
buffer [19] - (byte) ( (i « 24) »> 24); 
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System . out . print In ( 

"Sending alert for commercial brealc starting in " + 
i + " aecond3, lasting " + duration + " seconds"); 

DatagramPacket dp » new DatagramPacket 

(buffer, pLength, mGroup, mPort) ; 

ms. send (dp) ,- 

Thread, sleep (10 0 ID) ; 



hread. sleep (1000) ; 



public void leave {) { 

try { ms . leaveGroup (mGroup) ; 
catch (Exception e) ( 

e.printStackTraceO ; 

} 

) 
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import java.io.*; 

import java.util-*; 

import java.lang.*; 

import java.text.*; 

public class Schedule extends Thread ( 

private String ImAddress; 

private Marconi marconi; 

public static String scheduleFile; 

public static int[] dateArray = new int [4]; 

public Schedule (String [1 ( 
ImAddress - command [0]; 
scheduleFile = commandtl], 



■ new Buff eredReader (new FileReader (scheduleFile) ) ; 

int[] array - new int (8); 
String str; 

while ((str - br . readLine () ) !- null) < 
int index = 0; 
for (int i=0; i<8; i++) ( 

int endlndex - str . indexOf (' ', index); 

array[i] - integer. parselnt (str. substring (index, endlndex)); 
index = endlndex+l; 

String fileName = str. substring (index, atr. length () -1) ; 
getCurrentDate () ; 

if (isBetween (array) ) { 
// start playing 

if [isAddress (fileName) ) flag - false; 
else flag = true; 

System. out. println ("fileName: "+f ileName) ; 
if (flag) 

requestPkt - marconi. encodeRequest < (byte) 4, null, lmAddresa, fileName); 

requestPkt - marconi. encodeRequest ( (byte) 1, fileName, ImAddress, null); 

marconi. sendRequest (requestPkt) ; 

System. out. println ("now in date range:"); 
for (int i-0; i<8; i++) ( 

System. out. print (array [i] + ■ ") ; 

) 

System. out. printlnO ; 
if (flag) 

System. out. println ("Playing file "+f ileName) ; 
else 

System. out. println ("Redirecting packets from "+f ileName) ; V 



while (true) < 

Thread. aleep(lOOO) ; 
getCurrentDate () ; 
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if <! isBetween (array) ) break; 
// stop playing 

requestPkt = marconi .encodeRequest ( (byte) 2, null, ImAddress, null); 
marconi . sendRequest (requestPkt) ; 
) // if 



catch (Exception e) ( 

System. out .println (e . getMessage ( ] 



public boolean isAddres3 (String i 



public static void main(String argsM) throws Exception ( 

if (args. length !- 1) { 

System. out .println ( "Usage : Schedule <schedule data file>"); 



String scheduleFile => args[0]; 
while (true) < 

BufferedReader br = new Buf feredReader (new FileReader (scheduleFile) ) ; 

int[] array - new int[8); 
String 3tr; 

while ( (str - br. readLine ( ) ) !- null) { 

int index • 0; 
for (int i-0; i<8; i++) ( 

int endlndex - str .indexOf (' ', index); 

arrayfi] - Integer. parselnt(str.substring(index, endlndex)); 
index - endlndex-t-l; 

String fileName - str . substring (index, str . length () -1) ; 
String localName - "LOCAL"; 
getCurrentOate () ; 

if (isBetween(array) ) ( 

// PLAY 

System. out. println ("current time:"); 
for (int i-0» i<4; i++) { 

System. out. print (dateArray [i] + " "); 

) 

System. out. println () ; 

System. out .println ("date range:"); 

for (int i-0; i<8; i++) { 

System. out. print (array [ij + " "); 

) 

System, out .println ( ) ; 

System. out .println ( "Playing file "^fileName) ; 
while (true) { 

Thread. sleep (1000) ; 
getCurrentDate ( > ; 
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if (! isBetween (array) ) break; 
//'stop PLAYING 

} // if 

} //while 
) // main 

public static void getCurrentDate <) { 
Date myDate = new Dated; 

Calendar myCalendar = Calendar. get Instanced ; 
dateArray [01 = myCalendar . get (Calendar . DAY_OF_WEEK) ; 
dateArray [1| - myCalendar . get (Calendar . HOUR_OF_DAY) ; 
dateArray[2| ? myCalendar . get (Calendar .MINUTE) ; 
dateArray [3] = myCalendar .get (Calendar . SECOND) ; 



public static boolean isBetween ( int [ 1 array) ( 

for (int i=array[0]; ;i=(i+l)%7) { 
if (i == dateArray [0] ) ( 

if (i != array [0] Si i != array [4]) 
return true; //between 2 days 

if (i — array [0]) { //sometime on the left boundary day 
if (dateArray [1] < array[l]l // if hour is earlier 
return false; 

if (dateArray [1] == arraytl]) < // figure out the minutes 
if (dateArray [2] < array (2]) return false; 
if (dateArray [2] — array [2]) { II figure out the seconds 
if |dateArray[3] < array[3]> return false; 
if (dateArray [3] ™ array (3 J II array[0] !-array[4]) 
return true; 

> 

else if (dateArray [01 !- array [4]) return true; 

} 

else if <dateArray[0] !- array [4]) return true; 

if (i == array[4]> < //sometime on the right boundary day 
if (dateArrayll) > array[5]) // if time is later 
return false; 

else if (dateArrayll] < array [5]) //has already been checked for early 

else { II hours are equal 

if (dateArray [2] < array [61) return true; 
if (dateArray [2] > array [6]) return false; 
//minutes are equal 

if (dateArray [3] > array [7]) return false- 
return true;. 



break; 

> 

if (i array [4]) break; 

> 

return false; 



) // class 
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import java.lang.*; 
import java.util.*; 
import java.-o.*; 

public class CircBuffer extends Thread ( 
private :ftt maxSize; 
private int current Index; 
private BufferEntry [) array; 
private int delay - 100; 

private AudioOutputStream aos; 



.vate void write (byte [] payload) { 
try { 

aos .write (payload, 0, payload . length) ; 

> 

catch (Exception e) ( 

System. out .println (e.getMessage 0 ) ; 



: CircBuffer (int maxBuf ferSize) ( 
ixSize = maxBuf ferSize; 
ir rent Index - 0; 

:ray ■» new Buf f erEntry [maxSize] ; 



public void enqueue (BufferEntry be) ( 
arraylbe.seq % maxSize] - be; 



public void incrSeq 0 { 

seq =■ (seq 32767) 7 0 : seq + 1; 

} 

public void run() { 

aos - new AudioOutputStream () ; 

while (true) { 

for (i»0; KmaxSize; i++) { 

if (array [seq % maxSize) !~ null) 
break; 



else incrSeqO; 



seq » array [seq % maxSize] .seq; 
Date date - new DateO; 
long time - date. get Time 0 ; 

if (array[seq % maxSize] .ts + array[seq * maxSize] .offset + delay < time) { 

System. err. println("late packet: ts « " + array[seq % maxSize]. ts + • current tir 
;ime + " offset - " + array [seq * maxSize] .of f set) ; 
array [seq % maxSize] - null; 
continue; 

} 
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if (arraylseq % maxSize] .ts +■ array[seq % maxSize] .of fset > time) { 
incrSeqf) ; 

//System. out . println ("Packet " +■ seq t - is too early to play"); 
continue; 



System. err. println ("writing packet: seq=" +■ seq+ " ssrc=" + arraylseq % maxSize] 
*■ rc + " ts=" + array [aeq % maxSize] .ts) ; 

write(array[seq % maxSize] .payload) ; 

arraylseq % maxSize] = null; 
Thread. yield!) ; 

) // while true 



32 



WO 00/79734 



PCT/US00/16913 



Bu««x*nl:ry. javm Thu^n r 14:16:10 1999 

class Buffer-Entry ( 

public int v, ssre, ts, seq, length; 
public long offset; 
public byte[] payload; 
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IRC uses local class promptUaer, which takes care of console input/output. 
It displays a menu, gets user input and displays the return values of 
invoked remote methods. 



import java.util. 
import java.io.*; 



stat 



is PromptUser 1 
String command; 

Buf feredReader b 

static String raAddr; 
static String ImAddr; 
static String path; 



public stati 
System. c 
System. e 



, .println ("2 . 
; .println ("3 . 
;. println ("Q. 



t("\nSelect < 



play") ; 
stop") ; 
local play") ; 
quit") ; 



// read a number corresponding to user's option and convert it to 
// character 

public static char getlnputO { 
char choice = 'e' ; 

try< br = new Buf feredReader (new rnputStreamReader (System. in) ) ; 
choice = (char)br.readO ; 

) 

catch (Exception e) { 

System. out .println <e . getMessage () ) ; 



return choice; 



public static String!] getPlayComraand ( ) ( 
System. out. print ("Enter <M> <LM>: ">; 

try{ 

br » new Buf feredReader (new inputStreamReader (System. in) ) ; 
command ■ br.readxine () ; 

> 

catch (Exception e) { 

System. out. printing. getMessage () ) ; 

> 

StringTokenizer at = new StringTokenizer (command) ; 
int argc ■ st . countTokens ( I ; 
String [] array - new String [argc] ; 

for (int i-0; Kargc; i++) 

arrayti] - st .nextTokenO ; 
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return array; 



public static String [] getLocalPlayCommand < ) < 

System. out. print ("Enter <LM> < SCHEDULE FILE>: "); 

try< 

br = new Buff eredReader (new inputStreamReader (System. in) ) ; 
command - br . readLine 0 ; 

> 

catch (Exception e) ( 

System. out. print In (e . getMessage ( ) ) ; 



String!] array = new Stnng[2]; 

StringTokenizer st = new Str ingTolcenizer (command) ; 

fDr (int i - 0; st .hasMoreTokens < > S& i < 2; i+-+) < 
array [i] = st . nextToken ( ) ; 



return array; 



public static String getStopCommand ( ) ( 
System. out. print ("Enter <LM>: 

try( 

br = new Buf feredReader (new InputStreamReader (System. in) ) ; 
command = br . readLine () ; 

) 

catch (Exception e) < 

System. out .println (e. getMessage 0 ) ; 



return command; 
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/* MD5C.C - RSA Data Security, Inc., ME5 message-digest algorithm 
•/ 

/* Copyright (C) 1991-2, RSA Data security. Inc. Created 1991. All 
rights reserved. 

License to copy and use this software is granted provided that it 
is identified as the "RSA Data Security, inc. MD5 Message-Digest 
Algorithm" in a 1L material mentioning or referencing this software 
□r this function. 

License is also granted to make and use derivative works provided 
that such works are identified as "derived from the RSA Data 
Security, Inc. MD5 Message-Digest Algorithm" in all material 
mentioning or referencing the derived work. 

RSA Data Security, Inc. makes no representations concerning either 
the merchantability of this software or the suitability of this 
software for any particular purpose. It is provided "as is" 
without express or implied warranty of any kind. 

These notices must be retained in any copies of any part of this 
documentation and/or software. 



♦include "global. h" 
♦include "md5.h" 
♦include <memory.h> 

static char rcsid[] = "Sid: md5c.c,v 1.1 1997/12/17 12:52:36 hga Exp S"; 
/* Constants for MD5Transf orm routine. 



♦define Sll 7 
♦define S12 12 
♦define S13 17 
♦define S14 22 
♦define S21 5 
♦define S22 9 
♦define S23 14 
♦define S24 20 
♦define S31 4 
♦define 332 11 
♦define S33 16 
♦define S34 23 
♦define S41 6 
♦define S42 10 
♦define S43 15 
♦define S44 21 

static void MD5Transform PR0T0_1IST { (UINT4 [4], unsigned char [64])); 
static void Encode PROTO_LlST 

( (unsigned char *, UINT4 *, unsigned int) ) ; 
static void Decode PROTO_j.IST 

( (UINT4 *, unsigned char *, unsigned int)); 

static unsigned char PADDING [64] - { 

0x80, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0. 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 



/* F, G, H and I are basic MD5 functions. 
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♦define Fix, y, < < U> S (y)) I ( (~x> 4 (2))) 

♦ define G lx, y, x) < ( <x) S U)) I ( (y) 4 (-«))) 

♦ define Ktx, y, z> < <*) ~ (y) A <z) ) 

♦ define I (x, y, *) < <y> A ( <x) I <~i> ) > 

/* ROTATE_LEFT rotates x left n bits. 
*/ 

♦ define ROTATE.LEFT <x, n) ( ( (x) « (n) ) I ( <x> » (32-(n)))) 

/* FF, GG, HH, and II transformations for rounds 1, 2, 3, and 4. 
Rotation is separate from addition to prevent recomputat ion . 

♦ define FF (a, b, c, d, x, s, ac) { \ 
(a) += F ((b), (c), (d)> + (x) + (UINT4) (ac) ; \ 
(a) - ROTATE_LEFT ((a), (s)); \ 
(a) += [b>; \ 

> 

♦define GG (a, b, c, d, x, s, ac) ( \ 
(a) +=■ G ((b), (c), (d)) + (x) + (UINT4) (ac) ; \ 
(a) = ROTATE_LEFT ((a), (S>); \ 
(a) += (b); \ 
} 

♦ define HH (a, b, c, d, x, s, ac) ( \ 
(a) +- H ((b), (c), (d)) + (x) + (UINT4) (ac) ; \ 
(a) = ROTATE_LEFT ((a), (s)); \ 
(a) tb); \ 

> 

♦define II <a, b, c, d, x, 3, ac) { \ 
(a) I (<b), (c), (d)) +• (x) ♦ (UINT4) (ac) ; \ 
(a) = ROTATE_LEFT ((a), (3)); \ 
(a) •(-= (b); \ 
} 

/* MD5 initialization. Begins an MD5 operation, writing a i 
*/ 

void MDSInit (context) 

MD5_CTX *context; /* context 1 

{ 

context->count [0] - context->count [1] - 0; 
/* Load magic initialization constants. 

*/ 

context-estate [0] » 0x67452301, 
context->state[l] - 0xefcdab89, 
context->state[2] - 0x98badcfe, 
context->state[3] - 0x10325476, 
) 

/* MD5 block update operation. Continues an MD5 message-digest 
operation, processing another message block, and updating the 
context. 

V 

void MD5Update (context, input, inputLen) 

MD5_CTX *context; /* context */ 

unsigned char * input; /* input block */ 

unsigned int inputLen; /* length of input block V 

< 

unsigned int i, index, partLen; 

/* Compute number of bytes mod 64 *l 

index - (unsigned int) ( (context->count [0] » 3) & 0x3F) ; 
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context->count[l]++; 
context->count [1] += ( (UINT4) inputLen » 29); 

partLen - 64 - index; 

/* Transform as many times as possible. */ 
if (inputLen 5= partLen) ( 
raemcpy 

( (POINTER) 4context->buffer [index] , (POINTER) input, partLen); 
MD5Transform (context->state, context->buffer ) ; 

for (i = partLen; i + 63 < inputLen; i +« 64) 
MDSTransform (context->state, &input[i]); 

) 

else 



/* Buffer remaining input */ 
memcpy 

( (POINTER) icontext->buffer [index] , (POINTER) iinput [i] , 
inputLen-i) ; 

) 

/* MD5 f inalizatian. Ends an MD5 message-digest operation, writing the 
the message digest and zeroizing the context. 
*/ 

void MDSFinal (digest, context) 

unsigned char digest [16]; /* message digest V 

MD3_CTX 'context; /* context */ 

{ 

unsigned char bits [8]; 
unsigned int index, padLen; 

/* Save number of bits */ 

Encode (bits, context->count , 8); 

/* Pad out to 56 mod 64. */ 

index = (unsigned int) ( (context->count [ 0] » 3) s 0x3f); 
padLen = (index < 56) ? (56 - index) : (120 - index) ; 
MD5Update (context, PADDING, padLen) ; 

/* Append length (before padding) */ 
MD5Update (context, bits, 8); 



/* Store state in digest */ 

Encode (digest, context->state, 16) ; 

/* Zeroize sensitive information. */ 
memset ( (POINIER) context, 0, siteof (*context)); 
} /* MD5final */ 

/* MD5 basic transformation. Transforms state based on block. 
*/ 

static void MDSTransform (state, block) 
0INT4 state [4]; 
unsigned char block [64]; 



UINT4 a - state[0], b - state[l], c - state[2], d - state[3], x[16]; 



Decode (x, block, 64); 
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state[0] += a; 
stated] +- b; 
state [2] += c; 
state [3] += d; 

/* Zeroize sensitive information. */ 
memset ( (POINTER) x, 0, sizeof (x) ) ; 



* Encodes input (UINT4) into output (unsigned char) . Assumes len is 

* a multiple of 4. 
V 

static void Encode (output, input, len) 
unsigned char 'output; 
UINT4 "input; 
unsigned int len; 

' d 

for (i - 0, j = 0; j < len; H-+, j +- 4) < 
output[j] = (unsigned char) (input [i] 6 Oxf f ) ; 
output[j+l] = (unsigned char) ( (input [i] » 8) & Oxf f ) ; 
output[j+2] = (unsigned char) ( (input [i] >> 16) & Oxf f ) ; 
output[j+3] - (unsigned char) ( (input [i] » 24) & Oxff ) ; 



* Decodes input (unsigned char) into output (UINT4) . Assumes len is 

* a multiple o£ 4. 
*/ 

static void Decode (output, input, len) 
(JINT4 "output; 
unsigned char "input; 
unsigned int len; 

< 

unsigned int i, j; 

for (i = 0, j - 0; j. < len; i++, j +» 4) 
output [i] - ( (UINT4) input [j]) I (( <OTNT4) input ( j+1] ) « 8) I 
(( (UINT4) input [j+21> « 16) I ( ((UINT4) input (j + 3]) << 24); 
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random 32-bit quantity. 



♦include <sys/time.h: 
♦include <unistd.h> 
♦include <string.h> 
♦include <stdlib.ti> 
♦include <stdio.h> 
♦include <5ys/utsnam< 
♦include ctime.h> 
♦include "global. h" 
♦include "md5.h" 



/* gettimeofd, 
/* get.. 0 */ 
/* atrncpyO 



/* unamet) */ 

/* clock (> */ 

/* from RFC 1321 

/* from RFC 1321 



stai 



i long gethostid (void) ; 
; char res id [J = "$Id: 



■ 1.2 1998/09/29 16:31:37 hgs Exp 5 



♦define MD_CTX MD5_CTX 

♦define MDInit MD5Init 

♦define MDUpdate MD5Update 

♦define MDFinal MD5Final 

typedef unsigned long u_int32; 

static u_int32 md_32 (char *stnng, 



MD_CTX 

union < 

char c[16] 
u_int32 x[41 

} digest; 

u _int32 r; 



int i; 

MDInit (Scontext); 

MDUpdate (scontext, (unsigned char *) string, length) ; 

MDFinal ((unsigned char *)4digest, Scontext); 

/* XOR the four parts into one word */ 

for (i - 0, r = 0; i < 3; i++) r A - digest .x[i] ; 



• Return random unsigned 32-bit quantity. 

'/ 

iint32_t randotn32 (int type) 

struct { 

int type; 

struct timeval tv; 

clock_t cpu; 

pid_t pid; 

u_long hid; 

uid_t uid; 

gid_t gid; 

struct utsnarae name; 
} a; 

gettim«ofday(4s.tv, 0); 

a. type - type; 

s.cpu - clock () ; 

s.pid » getpidO ; 

s.hid » gethostidO; 
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s.uid - getuidO ; 
s.gid - getgidO ; 

return md_32((char *)Sa, 3 izeof(s>); 
} /* random32 */ 
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i for writing data 



The stream records performance statistics, such as 
"dead air", * the number of writes that were late, 
■ kept following the first write () invocation. 



itistics internally in microseconds, 

supporting the "/dev/audie 
' the AudioOutputStream will al 

'. Konstantinou 
1.5 $ 
»/ 

public class AudioOutputStream extends OutputStream { 

' ' * microseconds per byte for 8 KHz, 8-bit MLAW samples 

public static final long mspb_8KHz_8bit_MLAW - 125; 

private long expiresMicros; 
private long microsPerByte; 
private long raissedMicros; 
private long lateWrites; 

private FileOutputStream fostream - null; 

/ * Create new AudioOutputStream with default encoding 8 KHz, 8-bit MLAW 

* <P> 

* On architectures supporting a "/dev/audio" device file, the constructor 

* will attempt to open the device for writing (but will not fail if 

* this is refused) . 
*/ 

public AudioOutputStream () { 
super 0 ; 

microsPerByte ■ mapb_8KHz_8bit_MLAW; 

// Try to open the /dev/audio device file 
try { 

fostream =■ new FileOutputStream ( "/dev/audio" ) ; 
} catch (Exception e) { 

System. err. println ("!!!! i ! ! Can't open /dev/audio !!!!!!!!!"); 
fostream - null; 

} 

> 

1 ' * Create new AudioOutputStream for an unknown encoding which 

* expands a byte of data to "microsecondsPerByte" <B>micro</B> seconds 

* <p> 

* Note that the value is in <B>microseconds<B>, not milliaeconds. 

* <P> 

« no attempt will be made to open the "/dev/audio" device file due 

* to the unknown format. 



public AudioOutputStream (long raicrosecondsPerByte) 
super 0 ; 
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microsPerByte = raicro3econd3PerByte; 

fostream = null; // unkown encoding is not written to audio device 



* Resets audio play statistics 
*/ 

public void resetstats() { 
expiresMicros - 0; 
missedMicros = 0; 
iatewrites = 0; 



* Updates statistics foe "count" bytes were buffered for audio output 
V 

private void lcgWriteBytes ( int count) { 

long currentMicros - System. currentTimeMillis 0 * 1000; 
if (currentMicros > expiresMicros) ( 
if (expiresMicros > 0) ( 

missedMicros +- currentMicros - expiresMicros; 
*-+lateWrites; 

} 

expiresMicros = currentMicros count * microsPerByte; 
\ else ( 

expiresMicros +- count * microsPerByte; 



* Writes the specified byte to the audio device. 

* Use of this method is discouraged, as the overhead for obtaining 

* the current time will be significant compared to the play time 

* for one byte. 
*/ 

public void write (int b) throws IOException { 
logWriteBytes (1) ; 

if (fostream != null) f ostream. write (b) ; 



* Writes b. length bytes from the specified byte array to the audio 

* device. 

* Avoid very small byte arrays for the same reason as write (int b) . 
V 

public void write (byte b(]) throws IOException { 
logWriteBytes (b. length) ; 
if (fostream 1- null) fostream. write (b) ; 



* Writes len bytes from the specified byte array starting at offset off 

* to the audio device. 

* Avoid very small lengths (len) for the same reason as write<int b) . 
*/ 

public void write (byte b[], int off, int len) throws IOException ( 
logWriteBytes (len) ; 

if (fostream !- null) fostream. write (b) ; 
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* Flushes this output stream and forces any buffered output bytes to 

* be written out. Currently a no-op (does nothing). 

public void flush () throws IOException ( 

1 * Closes this output stream and releases any system resources associated 

* with this stream. 

public void closed throws IOException < 
resetstats ( ) ; 
if (fostream != null) ( 

fostream. close 0 ; 

fostream = null; 



} 



* Returns the number of milliseconds of "dea< 



' up to the last 



* Returns the number of milliseconds of "dead air- accumulated so far. 

* Succesive invocations of this method may not return the same value i: 

* there is no buffered data for output, as this method returns the 

* total so far (current time) . 
V 

public long getMissedMillis ( ) { 

long currentMicros = System. currentTimeMillis ( ) * 1000; 

if (currentMicros > expiresMicros) { 

if (expiresMicros == 0) // special case - no writes so far 



ei return( (missedMicros + (currentMicros - expiresMicros) ) / 1000); 
else { 

return (missedMicros/1000) ; 



' Returns the number of late writes counted so far 



public long getLateWriteCount ( ) < 
return (latewrites) ; 



■ Returns the expiration time in milliseconds of the current audio 
' playing. 



' If no audio is currently buffered, will i 
- when the last byte completed playing. 

' Time is represented as microseconds between the current time and 
' midnight, January 1, 1970 UIC. This measure is system dependent, 
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* Flushes this output stream and forces any buffered output bytes to 

* be written out. Currently a no-op (does nothing). 

public void flush () throws IOException { 

} 

i and releases any system resources associated 

public void closed throws IOException < 
resetstats ( ) ; 
if (fostream != null) { 
fostream. closed I ; 

} 

/ * Returns the number of milliseconds of "dead air" up to the last 

* Succesive invocations of this method wit 

* AudioOutputStream method invocations wi: 
*/ 

public long getMissedMillisAtLastwrite ( ) ( 
return (misaedMicros / 1000); 

} 

/ * Returns the number of milliseconds of "dead air* accumulated so far. 

* Succesive invocations of this method may not return the same value i: 

* there is no buffered data for output, as this method returns the 

* total so far (current time) . 
V 

public long getMissedMillis ( ) { 

long currentMicros - System. currentTimeMillis ( ) * 1000; 

if (currentMicros > expiresMicros) { 

if (expiresMicros == 0) // special case - no writes so far 



ei return( (missedMicroa t- (currentMicros - expiresMicros)) / 1000); 
} else { 

return (missedMicros/1000) ; 



* Returns the number of late writes counted £ 
*/ 

public long getLateWriteCount ( ) < 
return (lateWrites) ; 



' Returns the expiration time in milliseconds of the current audio 
' playing. 

' If no audio is currently buffered, will return the time 
' when the last byte completed playing. 

> Time is represented as microseconds between the current time and 
' midnight, January 1, 1970 UIC. This measure is system dependent, 
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long aleepMillia - (long) (2 * (aos .getBuf ferExpirat 
LisO) * Math.random () ) ,- 

if (sleepMillis > 0) { 

System. out. printlnCSleeping for " + s ieepMilli3 + " ..."); 

Thread. sleep (sleepMilli3) ; 

} 

} while (n != -1) ; 

aos.prLntStats () ; 
aos. close 0 ; 
} catch (Exception e) ( 
e . printStackTrace ( ) ; 



> // class AudioOutputStream 
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import java.io.*; 

public class TextEdit extends Frame { 

public TextEdit (String [] commandArray, Marconi m) ( 
this.m = m; 

this. commandArray - commandArray; 

setTitle ("TextEdit") ; 

Panel pi = new Panel <); 

pi .setLayout(new FlowLayout ( I ) ; 

pl.addfnew Label (" filename : ")); 

filename = new TextField (commandArray [ 1 ) , 20); 

pi. add (filename) ; 

add("Center" r pi); 

Panel p2 = new Panel!); 

p2.setLayout(new FlowLayout (>) ; 

p2 .add (createButton = new Button ("Create")); 

p2 .add (fir.ishButton = new Button ("Finish")); 

add ("South", p2); 



public boolean handleEvent (Event event) { 

if (event. id ™ Event . ACTION_EVENT 44 event. target =- createButton) ( 
String fname - f ilename .getText ( ) ; 
if (fname. equals ("") ) return true; 
'* boolean flag = false; 

try ( 

BufferedReader br = new Buff eredReader (new FileReader ( fname) ) ; 

) 

catch (FileNotFoundException e) { 
flag - true; 

) 

if <!flag> ( 

System. out. println ("file "■t-fnarae't-" already exists") ; 
return true; 
, ./ 

Frame ne = new NewEdit (fname, this); 
ne.resize<200, 150); 
this. hide O ; 
ne.showO ; 



if (event. id == Event . ACTION_EVENT 44 event. target == f inishButton) 
dispose () ; 

m.sendSchedule (commandArray, Thread. cur rent Thread!) ) ; 
Thread . cur rentThread ( ) . suspend ( ) ; 
return true; 

} 

i s uper. handleEvent (event) ; 



public static void main (String [] args) 
String [] str - new String []; 
Frame f - new TextEdit (str) ; 
f .setSize<300, 150); 
f . show ( ) ; 



private TextField filename; 

private Button createButton, finishButton; 

private String [] commandArray; 
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private Marconi m; 
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.raport java.io.*; 
.mport java.util.*; 
.mport java. lang. *; 
.mport java. text.*; 

jublic class Schedule extends Thread ( 

private String ImAddress; 

Private Marconi marconi; 

sub lie static String scheduleFile; 

public static int[] dateArray = new int [4]; 

public Schedule (String (] 
ImAddress = command[0]; 
scheduleFile = command! 11 



Public void run() ( 
try { 

byte[] requestPkt; 
boolean flag; 

while (true) ( 

BufferedReader br =■ new Buf feredReader (new FileReader (scheduleFile) ) ; 

int(] array - new int [8]; 
String str; 

while ((str - br.readLine 0 ) !=■ null) ( 
int index - 0; 

StringTokenizer st - new StringTokeniser (str, " "I; 
for (int i=0; i<8; i++) ( 
/* int endlndex - str.indexOf (' ', index); 
arrayli] = Integer .parselnt (str. substring (index, endlndex)); 
index - endlndex+l; */ 

arrayli] - Integer. parselnt (st.nextTokenO ) ; 

1 

// String fileName - str. substring (index) ; 

String fileName - St.nextTokenO; 
getCurrentDate () ; 

if ( isBetween (array) ) { 
// start playing 

if (isAddresa (fileName)) flag = false; 
else flag - true; 

System. out. println ("fileName: "+f ileNarae) ; 

RequestPkt - marconi.encodeRequest I (bytel 4. null, ImAddress, fileName); 

^requestPkt - marconi.encodeRequest < (byte) 1, fileName, ImAddress, null) ; 

marconi . sendRequeat (requeatPkt) ; 

/* System. out. println ("now in date range:"); 

for (int i-0; KB; i++) < 

Syst em. out. print (array [i] + " "); 

> 

System, out. println () ; 
if (flag) 

System. out. println ("Playing file "tfileName); 
^System. out. println ("Redirecting packets from -+fileNarae) ; */ 
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while (true) { 

Thread. sleep(i000> ; 

qetCurrentDateO ; 

if (! isBetween (array) ) break; 

} 

II stop playing 

requestPkt = marconi . encodeRequest ( (byte) 2, null, ImAddress, null) ; 
marconi . sendReque3t (requestPlct) ; 
) // if 

\ 

) //while 

catch (Exception e) { 
e.printStackTrace () ; 



public boolean isAddress (String 3tr) ( 
int index=0; 

while ( (index=str.indexOf(' .', index)) != -1) { 
} 

if (count == 3) return true; 
else return false; 



public static void main (String args [ ) ) throws Exception ( 
try { 

if (args. length !- 1) I 

System. out .println ("Usage : Schedule <schedule data file>"); 



String scheduleFile - args[0]; 
while (true) ( 

BufferedReader br = new BufferedReader (new FileReader (scheduleFile) > ; 

int[] array - new int [8]; 
String str; 

while ((str = br . readLine ( ) ) !- null) ( 

int index - 0; 
for (int i=0; i<8; i-t-t-) ( 

int endlndex » str. indexOf (' ', index); 

array [i] - Integer. par selnt (str. substring (index, endlndex)); 
index - endlndex+l; 

} 

String fileNane - str. substring (index) ; 
String localName - "LOCAL"; 
getCurrentDate < ) ; 

if (isBetween (array) ) < 
// PLAY 

System. out. println ("current time:"); 
for lint i-0; i<4; i++) { 

System. out. print (dateArray [i] + " "); 

) 

System. out. println() ; 

System. out. println ("date range:"); 

foe (int i-0; i<8; i++) { 

System. out. print (array [i] + " "); 

\ 

System. out. printlnO ; 

System. out .print In ("Playing file *+fileName) ; 



51 



WO 00/79734 



PCT/US00/16913 



Schodul*. java Thu Ju^7 l.':18:49 1999 3 

while (true) < 

Thread. Bleep (1000) ; 

getC urrentDate ( ) ; 

if (! isBetween (array ) ) break; 

//'stop PLAYING 
) // if 
} 

> //while 
} 

catch (Exception e) { 
e.printStackTraceO ; 

> 

} II main 

public static void getCurrentDate () { 
Date rayDate = new DateO; 

Calendar myCalendar =■ Calendar . get Instance () ; 
dateArray [0] = myCalendar .get (Calendar .DAY_OF_WEEK) -1; 
dateArrayll] = myCalendar .get (Calendar. HOUR_OF_DAY) ; 
dateArray[2] = myCalendar .get (Calendar .MINUTE) ; 
dateArray[3] - myCalendar . get (Calendar . SECOND) ; 



public static boolean isBetween ( int [ ] array) { 

for (int i=array[01; ; i= (i+1) %7) ( 
if (i — dateArray [0] ) < 

if (i != array[0] SS i !- array[4]) 
return true; //between 2 days 

if (i == array [0]) < //sometime on the left boundary day 
if (dateArray[l] < array[l]) // if hour is earlier 
return false; 

if (dateArray [1] ™ array [1]) ( // figure out the mrnutes 
if (dateArray [2] < array [2]) return false; 
if (dateArray[2] =- array [2]) ( // figure out the seconds 
if (dateArray[3] < array[3]) return false; 
if (dateArray[3] — array[3] II arraytO] !-array(41) 
return true; 

} 

else if (dateArray [0] != array [4]) return true; 

) 

else if (dateArray [0] !- array[4]> return true; 

if (i == array [4]) { //sometime on the right boundary day 
if (dateArrayll! > array[5]) // if time is later 
return false; 

else if (dateArrayll] < array[5J) //has already been checked for early 

return true; 
else ( // houra are ecpial 

if (dateArray [2] < array [6]) return true? 

if (dateArray [2] > array t6]> return falae; 

//minutes are equal 

if (dateArray [3] > array[7]) return false; 
return true; 



break; 

> 

if (i — array[4]) break; 

\ 

return false; 
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public class NewEdit extends Frame I 
public NewEdit (String fileName, Fi 



bw = new Buff eredWriter (new FileWriter (fileName) ) ; 

) 

catch (IOException e) { 
System. exit (0) ; 

} 

this. fileName = fileName; 

setTitle ( "NewEdit" ) ; 

Panel pi = new Panel (); 

pi . setLayout (new FlowLayout <) ) ; 

newButton = new Button ("New Entry"); 

pi . add (newButton) ; 

finishButton = new Button ("Finish"); 
pi .add(finishButton) ; 
add ("Center", pi); 



public void processEdit (Edit Info info) { 
String space = " "; 
try { 

nfo.fromDay, 0, 1); 
bw. write (space, 0, 1); 

bw. write (info. fromHour, 0, info.fromHour. length () ) 
bw. write (space, 0, 1); 

bw. write (info.fromMin, 0, info . fromMin. length ()) ; 
bw. write (space, 0, 1); 

bw. write (info. fromSec, 0, info. fromSee. length () ) ; 



bw , newLiri* 



space, 0, 1) ; 

nfo.toHour, 0, 
space, 0, 1); 

ifo.toMin, 0, 
space, 0, 1); 
info.toSec, 0, 
space, 0, 1); 
nfo. filename, 

0; 



0, l); 



info.toHour. length ()) ; 
info.toMin. length () ) ; 
info.toSec. length!) ) ; 
0, info. filename. length () ) ; 



catch (IOException e) { 
System. exit (0) ; 

> 

> 

public boolean handleEvent (Event event) 1 
if (event. id »- Event. ACT ION_EVENT ii event 
Editlnfo in - new EditlnfoO; 
EditDialog ed - new EditDi«Log(this, in) ; 
ed. show<) ; 



■ newButton) { 



1 

else if (event. id ' 
try < 

bw. close () ; 



■ Event .ACIION_EVENT && < 



■ finishButton) < 



) 

catch (IOException e) { 
> 

dispose 0 ; 
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f .ahowO ; 



private Button newButton, f 
private String fileName; 
private Buf feredwriter bw; 
private Frame f? 



class Editlnfo < 

String fromDay, toDay, fromHour, toHour, fromMin, toMin, fromSec, 
toSec, filename; 

Editlnfo (String fromDay, String toDay, String fromHour, String toHour, 
String fromMin, String toMin, String fromSec, String toSec, 
String filename) { 

this. fromDay - fromDay; 

this.toDay = toDay; 

this . fromHour = fromHour; 

this. toHour = toHour; 

this.f romMin = fromMin; 

this.toMin = toMin; 

this. fromSec = fromSec; 

this.toSec = toSec; 

this. filename = filename; 

Editlnfo (I (> 

} 

class Days { 
List days; 
Day3() { 

days - new List(l, false); 

days. addltem < "0 : Sun") ; 

day s . addl t em ( " 1 : Mon " ) ; 

days . addltem < "2 : Tue") ; 

days . addlt em ( " 3 : Wed" ) ; 

days .addltem ("4 ;Thu") ; 

days. addltem ( "5 :Fri") ; 

days. addltem("6: Sat") ; 

days . select (0) ; 

> 

} 

class EditDialog extends Dialog { 

public EditDialog (NewEdit parent, Editlnfo u) I 
super (parent, "Edit Entry*, true) ; 
fromDay « new Days 0 ; 
toDay - new Days 0 ; 
Panel pi - new Panel (); 
pi . setLayout (new GridLayout (9, 2 ) ) ; 
pi. add (new Label ("From day:")); 
pl.add(f romDay .days) ; 
pi. add (new Label ("From hour:")); 
pi. add (fromHour - new TextField (2) ) ; 
pi. add (new Label ("From minute:")); 
pi. add (fromMin - new TextField (2) ) ; 
pi. add (new Label ("From second:")); 
pi. add (fromSec - new TextField (2) ) ; 
pi. add (new Label ("To day:")); 
pi .add(toDay .days) ; 
pi. add (new Label ("To hour:")); 
pi. add (toHour - new TextField (2) ) ; 
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pi. add (new Label ("To minute:") ); 
pl.add(toMin = new TextField (2) ) ; 
pi. add (new Label ("To second:")); 
pl.add(toSec - new TextField (2) ) ; 
pi. add (new Label ( "File/Channel :" ) ) ; 
pi. add (filename => new TextField!"", 20)); 
CheckboxGroup g - new CheckboxGroup ( ) ; 
Panel p3 = new Panel!) ; 
p 3.setLaycut(new FlowLayout ( ] > ; 

p3.add(localBox = new Checkbox ("Local", g, true)); 

p3.add(globalBox = new Checkbox ("Global", g, false)); 

add ("Center", p3) ; 

add ("North", pi); 

Panel p2 = new Panel!); 

p2.add(okButton = new Button ( "Ok" )) ; 

p2.add (cancelButton = new Button ("Cancel") ) ; 

add ("South", P 2); 

resize(200, 400); 



public boolean action (Event event, Object arg) ( 
if (arg. equals ("Ok") ) ( 

if (fromHour.getText 0 .equals ("") II toHour . getText 0 .equals ("" ) 
|| fromMin. getText () .equals ("") II toMin. getText (). equals ("" ) II 
fromSec. getText 0 .equal3<"") II toSec . getText 0 .equals {' *) 
I | filename. getText 0 .equals <"") ) 
return true; 
try { 

if (Integer. parselnt (fromHour. getText (I) < 0 II 



Integer .parselnt (fromHour. getText 0 ) > 23 I I 
Integer. parselnt (toHour. getText () ) < 0 II 
Integer. parselnt (toHour. getText () ) > 23 I I 
Integer .parselnt (fromMin. getText 0 ) < 0 II 
Integer. parselnt (fromMin. getText () ) > 59 I I 
Integer. parselnt (toMin. getText () ) <0 II 
Integer. parselnt (toMin. getText <)) > 59 I I 
Integer. parselnt (fromSec. getText () ) < 0 II 
Integer. parselnt (froraSec. getText 0 > > 59 I I 
Integer. parselnt (toSec. getText () ) < 0 II 
Integer. parselnt (toSec. getText ()) > 59) 



return true; 

) 

catch ( Number FormatException e) { 
return true; 

String fname = new String (); 

String str; 

boolean flag - false; 

if (globalBox.getStateO) \ 

tE BuEferedReader b. - new Buf feredReader (new FileReader ("_mapsta") ) ; 
while ((str - b.readlineO ) !- null) ( 
int indax ■ 0; 

int endlndex » str.indexOf (' ', index); 

String addr - str .substring (index, endlndex); 

System. out . print In ( ■ str : " +st r . substring ( endlndex+l ) ) ; 

if ( (str. substring (endlndex+l) ) .compareTo (f ilename. get Text 0 ) —0) { 

fname - addr; 

flag = true; 

break; 



b. close 0 ; 
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catch (IOException e) U 
if (Iflag) < 

System, out. println ("Channel name "-t-f ilename . getText ( ) + " not found"); 
return true; 



else fnarae - filename. getText 0 ; 
dispose () f 

Editlnfo result = new Editlnfo (f romDay .days .getSelectedltem ( ) , toDay.days.getSelec 

0 , 

f romHour. getText 0 , toHour .getText () , fromMin . getText () , 
toMin. getText O , f romSec . getText 0 , toSec . getText () , fname) ; 
( (NewEdit) getParent () ) .processEdit (result) ; 

else if (arg. equals ("Cancel") ) { 

} P 

else return super .action (event, arg); 
return true; 



public boolean handleEvent (Event evt) ,{ 

if (evt. id == Event .WINDOW_DESTROY) disposed; 
else return super .handleEvent (evt) ; 
return true; 

} 

private TextField fromHour, toHour, fromMin, toMin, fromSec, toSec, filename; 

private Button okButton, cancelButton; 

private Days fromDay, toDay; 

private Checkbox localBox, globalBox; 
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'* marconiNet - Internet RacK Network 

* Distributed Radio Antenna Server (RAS ) : [IRC Action Handler] 

* $<marconi.irc.?IRCActionHandier . java -v2 . 0 (prototype version), 1999/04/21 $ 

* @jdkl.2, -riK. 



import ]ava.< 
import java.< 
import java.i 



* This class handles actions taken by IRC user. 
*/ 

public cla33 IRCActionHandler { 

public static ActionListener listControl - new Act lonListener ( ) < 
public void actionPerformed(ActionEvent e) { 
iRCControls.entry_l.setText 

( IRCDirectory . directoryList_l .get Item 
(IRCDirectory. directoryList_l.getSelectedIndex<) ) ) ; 
String textfield = IRCControla .entry_l .getlext <) ; 
StringTokenizer dir - new StringTokenizer (textfield, " ") ; 
int id - Integer. parselnt (dir . nextTokenO ) ; 
iE (IRCDirectory. owner. playChannel (id) ) ( 

System. out .println("marconi . ire. IRCActionHandler" + 

" . actionPerformed: playing channel " 
+ id •»■-.-) ; 

) 

else < 

IRCDirectory. owner. stopChannel 0 ; 

System. err . print In ("mar coni . ire . IRCActionHandler" + 

" .actionPerformed: error listening."); 
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raarconiNet - Internet ^eZvork 
Distributed Radio Antenna Server (RA.S) 



[ IRC GUI Contri 



1999/02/15 $ 



package 



larconi . ire; 



import java.awt.*; 

import java.awt. event.*; 

import java.util.*; 

import java.net.*; 

import java.io.*; 



■ This panel < 



public class IRCControls extends Panel 
public static TextField entry_l; 
private static int WIDTH = 600; 
private static int HEIGHT = 100; 

/** 



Instantiates the control panel. 

*/ 

public IRCControls ( ) { 
GridBagLayout grid • 
GridBagConstraints c 
setlayout (grid) ; 

cons. fill = GridBagConstraint3.NONE; 
cons.weightx = 0.0; 

// selected station (id 4- name) 

entry_l = new TextField [40) ; 

grid.setConstraints(entry_l, cons) ; 

entry_l . setForeground (Color .yellow. darker () ) ; 

entry_l . setBackground (Color .blue. darker () .darker 0 ) ; 

add(entry_l) ; 

validate () ; 
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*■ marconiNet - Internet Radio Network 

* Distributed Radio Antenna Server (RAS) : [ IRC Directory Controls] 

* $<inarconi.ras.>lRCDirectory. java -v2 . 0 (prototype version), 1999/04/20 $ 

* @jdkl.2, -riK. 
*/ 

>ackage marconi. ire; 

.mport java-awt."; 

.mport java. awt .event . *; 

.mport java.util.Hashtable; 

Ltnport ] ava.net.*; 

import marconi . ras . MarconiServer ; 
.mport marconi . util .CDPPacket; 



This panel contains user interfaces to the applet. 

ilic class IRCDirectory extends Panel 
implements Runnable { 

/ * This thread updates the announcements for the locally supported channels. 
*/ 

private Thread updateThread - null; 
private static long L_UPDATE - 7500; 

public static IRCUsrApplet owner; 
public static Label label_l; 
public static List directoryList_l; 
private static int WIDTH - 600; 
private static int HEIGHT - 400; 

' '* Instantiates the directory display panel. 

public IRCDirectory (IRCUsrApplet main) { 
owner = main; 

GridBagLayout grid ■ new GridBagLayout < ) ; 
GridBagConstraints cons - new GridBagConstraints () ; 
set Layout (grid) ; 

cons. fill - GridBagConstraints. NONE; 
cons.weightx - 1.0; 

// label 1 
cons.weightx » 1.0; 

cons.gridwidth - GridBagConstraints .REMAINDER; 
label_l - now Lab*l O ; 

label_l . setText ( "Local Channel Directory"); 
grid.setConatrainta(label_l, cons) ; 
label_l . setForeground (Color . white ) ; 
add(latoel_l) ; 
validate (); 

// list 1 - global 

cons.gridwidth - GridBagConstraints .REMAINDER; 
directoryList_l - new List (20, false); 

directoryList_l.addActionListener(IRCActionHandlec.lLStControl) ; 
grid.setConstraints(directoryList_l, cons) ; 
directoryList_l . setForeground (Color . yellow. brighter ( ) ) ; 
directoryLiat_l . setBaclcground (Color . darkGray ) ; 
add(directoryList_l) ; 
validate ( ) ; 
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// resize 

setSize (WIDTH, HEIGHT) i 
start ( ) ; 



* Starts the directory update. 
*/ 

public void start <) ( 

updateThread = new Thread (this ) , 
updateThread. start () ; 



* The run methods for t 
V 

public void run() ( 



■ updateThread) < 



rectoryLiat. 

nt i = 0; i < owner . MAX_CHANNELS; f 
ring Id = String .valueOf (i) ; 
(cdp_lookup.containsKey (Id) ) ( 

CDPPacket cdp - (CDPPacket) cdp_lookup.get (Id) ; 
directoryList_l.add(cdp.id + - • v cdp. name, 

Integer .parselnt (cdp. id) ) ; 



if <cdp_lookup.containsKey (MarconiServer.LOCALSTA) ) { 

CDPPacket cdp » (CDPPacket) cdp_lookup.get (MarconiServer.LOCALSTA) ; 
directoryList_l.add(cdp.name) ; 



catch (Exception e) { 

System. err .println < "marconi . ire . IRCDirectory . i 
e.printStackTrace () ; 
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* $<marconi. ire. >IRCUsrApplet. java -v2 . 0 (prototype version), 1995/04/20 S 

* Gjdkl.2, -riK. 
*/ 

package marconi . ire; 

import java. applet. *; 
import java.awt.*; 
import java.util.*; 
import java.net.*; 
//import java.rmi.*; 
//import java . rmi . server . *; 

import marconi. util.rtsp. IRC; 

import marconi . ras . RAS; 

import marconi . ras .MarconiServer; 

/** 

* This applet is used by an IRC user. 

* <?author -riK. 

* Gversion $Revision: 1.0 S 

* 3aee marconi . ras .MarconiServer 

* 8since prototype vl.O 
*/ 

public class IRCUsrApplet extends Applet 

implements java . io . Seriali sable, Runnable { 



private MulticastSocket cap_receiver - null; 
protected Hashtable capCache - null; 

* This thread updates the announcements for the locally supported channels. 
*/ 

private Thread directoryThread - null; 

static long L_UPDATE - 10000; 



// miscellaneious variables 
private static int width " 0; 
private static int height - 0; 
//protected RAS raaServer - null; 
protected int MAX_CHAl»reLS - 20; 

final static String obi_name - "marconi . ras . IRCUsrApplet", 
// tools 

iRCDirectory directory - null; 
IRCControls controls - null; 
IRC listener - null; 



* Initialize the applet and setup display area. 
*/ 

public void init() { 
try < 

width = Integer . par selnt {getPararaeter ( " APPLWIDTH" ) ) ; 
height - Integer. par selnt (getPararaeter ( "APPLHEIGHT") ) ; 



// lookup RAS (MarconiServer) 
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//URL URL^Re = getoocumentBase () ; 

//System. out. println (ob j_name <- ".init: locating server"); 
//rasServer » (RAS) Naming. lookup ( *//" +■ getParameter ( "RASHost" ) 
// +■":» + getParameter ("RASPort") 

// +• "/marconi.ras.MarconiServer") ; 

// init variables 

//MAX_CHANNELS = rasServer . getMaxChannels ( ) ; 
capCache - new Haahtable ( ) ; 

} 

catch (Exception e) ( 
// fatal error 

System. err .println (obj_name + ".init: "); 
e.printStackTraceO ; 

} 

// join CAP multicast group 
try { 

cap_receiver = new Multicastsocket (Marconiserver .CAP_PORT) ; 
cap_receiver . joinGroup ( InetAddress .getByNarae (MarconiServer.LOCAL_CAP) ) ; 

} 

catch (Exception e) ( 

System, out .prir.tln (ob j_name + ".init:"); 
e.printStackTraceO ; 



// draw display area 
setupDisplay () ; 



listener = new IRC ( ) ; 
directoryThread = new Thread(this) ; 
directoryThread . start ( ) ; 



' Display the applet. 



directory = new iRCDirectory (this) ; 
controls - new IRCControls ( ) ; 
GridBagLayout grid - new GridBagLayout () ; 
GridBagConstrainta cons - new GridBagConst: 

// setup grid 

int rowHeightaU - (400, 100); 
grid.rowHeights - rowHeights; 
setLayout (grid) ; 

cons. fill " GridBagConstrainta .BOTH; 
// add directory lists 

cons.gridwldth « GridBagConstrainta .REMAINDER; 
cons.weightx - 1.0; 
cons.gridheight - 1; 

grid. setConstraints (directory, cons) ; 
add (directory) ; 
validate () ; 

// add controls 

cons.gridwidth « GridBagConatraints. REMAINDER; 
cons.weightx - 1.0; 
cons.gridheight - If 
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grid. setConstraints (controls, cons) ; 
add (controls) ; 
validate 0 ; 

resize (width, height); 



* Tree resources when closing applet. 
*/ 

public void destroy 0 ( 

// release sockets and leave announcement group 



:r .leaveGroupdnetAddress.getByName ( Marconi Se rve r . LOCAL_CAP) ) ; 



catch (Exception e) ( 

e.printStackTrace () ; 

} 

stopChannel ( ) ; 
directoryThread = null; 

//try < 

// rasServer. terminate <) ; 
//> 

//catch (RemoteException e) { 
// e.printStackTraceO ; 
//) 

remove (directory) ; 
remove (controls) ; 



* Run method. 
*/ 

public void run() ( 

// cache update hour 

long hour = System. currentTimeMillis () ; 



* Global directory thread running. 

while ( Thread. currentThreadO — directoryThread) { 



* Receive CDP packets and maintain channel database. 



DatagranPacket recv_pkt - CDPPacket. compose 0 ; 
cap_receiver. receive (reev_pkt) ; 

CDPPacket cdp ■ new CDPPacket <recv_pkt) ; 

System. out. println(obj_name + ".run: cdp parsed") ; 

// update announcement appropriately 
if (!capCache.containaKey(cdp.id) ) { 
capCache.put (cdp. id, cdp); 

System. out. println <obj_name + ".run: new cdp cached for cnannel- 
+ cdp. id) ; 



catch (Exception e) { 



cap_i 
cap_i 




>r .clo: 
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e . printStackTrace ( ) ; 

// time to refresh cache (daily) 

Long current_hour = System . currentTitneMil lis () ; 

if (current_hour > hour + Timestamp.DAY) ( 

System. out. println (ob j_name t ".run: routine -refreshing directory cache.' 

refresh_cache 0 ; 

hour +- Timestamp.DAY; 

> 

/* 

* Interval b/w each loop for receiving local channel directory. 
*/ 

try I 

Thread. sleep (L_UPDATE) ; 
catch (interruptedException e) ( 



* Removes old cache entries. 
*/ 

protected void ref resh_cache < ) { 

long current_hour = System. currentTimeMillis () ; 

synchronized (capCache) { 

Enumeration capList - capCache . elements () ; 
while (capList . hasMoreElements () ) ( 

CDPPacket cdp = (CDPPacket) capList .nextElement () ; 
if (current_hour > cdp.timeStamp + CDPPacket . TTL) { 
capCache. remove (cdp. id) ; 

\ 

) 



• inform server that the specified channel is being listen to. This 
■ RMI based triggering is very inefficient and not scalable. So 
' alternate approach based on RTCP should replace this. 



if ( capCache. containsKey( String. valueOC ( id) ) ) { 

CDPPacket cdp - (CDPPacket) capCache. get (String. valueOf (id) ) ; 
try { 

// kill previous thread if running 
listener. atop (); 

* The below statement is commented out because the listener 

* is now capable of sending RTCP signals for triggering. 

status - rasServer .playChannel (id) ; 
*/ 

status - true; // replace above 
listener. start (cdp .MADDR, cdp.MPORT) ; 

} 

catch (Exception e) 4 
e. printStackTrace (> ; 
return false; 
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return status; 

} 

else { 

return false; 

I 

* Stops listening to whatever is playing. 
*/ 

public void stopChannel () { 
listener. stop () ; 

* Returns the current state of the local channel announcement cache. 
*/ 

protected synchronized Hashtadle getCacheO ( 
return capCache; 

) 

/** 

* Return applet information. 
*/ 

public String getAppletlnf o ( I { 
return "IRC listener tool"; 
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'* marconiNet - internet Radio Network 

* Distributed Radio Antenna Server (RAS) : [AD GUI Controls) 

* S<marconi.cas.>ADControl3. java -v2 . 0 (prototype version), 1999/05/16 S 

* 8jdkl.2, -riK. 
*/ 

>ackage marconi.ras; 

.mport java.awt.*; 
Lmport java.awt .event. *; 

Import raarconi.util.Vector2; 



* This panel contains user interfaces for the ad insertion. 
*/ 

jublic class ADControls extends Panel < 
public static RASMgrApplet owner; 
public static Choice ids; 
public static TextField entry_l; 

public static Button button_2, button_3, button_4; 

public static List directoryList_l ; 

private static int WIDTH = 600; 

private static int HEIGHT = 20 0; 

private static Vector2 ads - new Vector2(); 

* Instantiates the control panel. 
*/ 

public ADControls (RASMgrApplet main) ( 
owner - main; 

GridBagLayout grid » new GridBagLayout () ; 
GridBagConstraints cons = new GridBagConstraints () ; 
setLayout (grid) ; 

cons. fill » GridBagConstraints. BOTH; 
cons.weightx = 0.0; 

// channel id 

ids = new Choice (); 

update IDs 0 ; 

grid. setConstraints (ids, cons); 
ids. setForeground (Color. black) ; 

// ids. setForeground (Color. yellow. darker () ) ; 

ids. setBackground (Color. lightGray) ; 

// ids. setBackground (Color. black) ; 

add(ids); 

validate!) ; 

// commercial file, input 
entry_l - new TextField (20 > ; 
grid. setConstraints (entry_l, cons) ; 
entry_l.setForeground(Color. black) ; 

// entry_l. setForeground (Color . yellow. darker () ) ; 

entry_l.setBackground(Color.gray.brighter() ) ; 

/I entry_l. setBackground (Color . blue, darker 0 .darker)) ); 

add <entry_l ) ; 
validate ( ) ; 

// add commercial 

cons . gridwidth - GridBagConstraints. REMAINDER; 

button_2 = new Button (" Add Commercial 

button 2 . setActionCommandCAdd Commercial"); 

buttonl2 .addActionListener(RASActionHandler.buttonControl) ; 
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button_2 . setBackground (Color . lightGray) ; 

// button_2. setBackground (Color .black) ; 

button_2 . setForeground (Color . black) ; 

// button_2. setForeground (Color . red) ; 

grid.aetConstraints (button_2, cons) ; 

add(button_2) ; 

validate)); 

// list 

// cons . weightx = 1.0; 

cona.gridwidth - GridBagConstraints . REMAINDER; 
directoryLiat_l = new List (5, false); 
grid. setConatraints (directoryLiat_l, cona) ; 
directoryList_l . setForeground (Color .black) ; 

// directoryLiat_l. setForeground (Color. yellow. brighter!) ) ; 

directoryList_l . setBackground (Color .white) ; 

/ / directoryList_l . setBackground (Color .darkGray) ; 

add(directoryLi3t_l) ; 

validate 0; 

// submit commercial list 

cona.gridwidth = GridBagConstraints . RELATIVE; 

button_3 = new Button!" Submit List "); 

button_3 . setActionCommandl "Submit Commercials"); 

button_3 . addActioriListener (RASActionHandler .buttonControl) ; 

button_3 . setBackground (Color . lightGray) ; 

// button_3 . setBackground (Co lor .black) ; 

button_3. setForeground (Color .black) ; 

J / button_3 . setForeground (Color . red) ; 

grid.setConstraints (button_3, cons) ; 

add(button_3) ; 

validate (); 

/ / remove commercial 

cona.gridwidth = GridBagConstraints .REMAINDER; 

button_4 - new Button (" Remove All "); 

button_4.setActionCommand( "Remove Commercials") ; 

button_4.addActionListener (RASActionHandler. buttonControl) ; 

button_4. setBackground (Color. lightGray) ; 

If button_4 . setBackground (Color .black) ; 

button_4 . setForeground (Color .black) ; 

// button_4 . setForeground (Color . red) ; 

grid.setConstraints<button_4, cons) ; 

add ( butt on_4) ; 

validate < ) ; 

// resize 

setSize (WIDTH, HEIGHT) ; 



* Add additional entry. 
*/ 

protected static void procesoAddO { 

if (entry_l.getText() .length () > 0) { 
try { 

String entry - Integer. parselnt (ids. getSelectedltemf) ) + ■ " + entry_l.get: 

«■ t(); 

directoryI.ist_l. add (entry ) ; 
ads . addElement (entry) ; 

} 

catch (NuraberFormatException e) { 

owner. showMessage ("Please select a channel!', true); 
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// clear input fields 
entry_l . setxext {"'); 



* Remove all entries. 

*/ 

protected static void processRemove <) ( 
if (ads.sizeO > 0) < 

directoryList_l . removeAll ( ) ; 
ads.removeAllElements () ; 

} 

) 

/** 

* Submit the commercial list to the server. 
*/ 

protected static void process Submit ( ) < 
try < 

if (ads.sizeO > 0 SS owner . rasServer . submitCommercialList (ads. toStringArray O ) ) 

owner. showMesaage( "Commercial list submitted...", false); 
processRemove () ; 
entry_l.setTextC") ; 

Id not be submitted!", true); , , 



' Updates available channel ids. 



for (int i = 0? i < owner. channallDs . length; 
if (owner. channelIDs[i] ) < 

ida.add(5tring.v«lueOf (i) ) ; 



if (ida.getlteraCountO — 0) 
ids . add ( "EMPTY ■ ) ; 
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/* marconiNet - Internet Radio Network 

* Distributed Radio Antenna Server (RAS) : [Channel Class] 

* $<marconi.ras.>Channel. java -v2 . 0 (prototype version), 1999/01/06 $ 

* 3jdkl.2, -riK. 
*/ 

package marconi. ras; 

import java.io.*; 
import java.net.*; 
import java . util . * ; 
import java.rmi.*; 
import marconi. util . *; 
import marconi. util. rtsp.*; 
import marconi . rsc. RSC; 
import java. security. Security; 
import javax , crypto .* ; 
import javax. crypto. spec. *; 

import au . net . aba . crypto . provider . ABAProvider ; 

/ * The <code>Channel</code> class creates two threads in which it can start 

* the neccessary operations for maintaining the channel. First, it creates 

* a thread that listens and monitors the RTCP signals from IRCs . When this 

* thread detects that there is at least one IRC that wants to listen to this 

* channel, it creates the second thread which begins performing the redirection 
« process (receive content from global address, decrypt, write content to 

* local address) . The <i>rtcp thread</l> continues the monitoring so that 

* if it detects that no one is listening to the channel anymore it terminates ,t 

* the <i>redirection thread</i>. This helps reduce the bandwidth being wasted. 

* Additionally, <code>Channel</code> will store the details of its c~ - 

* provider (radio station) and the broadcast/multicast medium. 

* <P> 

* Uauthor ~riK. 

* aversion $Revision: 1.0 S 

* Ssee marconi. ras. Marconi Server 

* @see marconi. ras.StationProf ile 

* Osince prototype vl.O 
V 

public class Channel implements Runnable { 

final static String obj_name » "marconi. ras. Channel"; 

/** 

* The assigned channel number, 
protected int chanID; 
/** 

* The radio station. 
*/ 

private RSC station - null? 
/** 

* The radio station's hostname. 
*/ 

private String host ■ null; 

* The radio station name. 
*/ 

public String name ■ null? 
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* The main category of this channel's content ( music I news I sports | . . . > . 
V 

public String category - null; 

* The content description. 
V 

public String description = null; 
/" 

* The origin of the content. 
*/ 

public String origin = null; 
/** 

* The language used in the content. 
V 

public String language - null; 
/** 

* The radio station's url (not in use by the current protocol). 
V 

public URL url = null; 
/»* 

* The station's glocal multicast address. 
V 

protected InetAddress g_maddr; 

* The station's local multicast address. 
*/ 

protected InetAddress l_maddr; 
/* 

* The encryption resources. These private declaration allows for later 

* extension where the hard-coded values such as the SEK algorithm and key 

* length can be obtained from announcement. In such cases various encryption 

* methods can be supported and allows the encrypting party (content sender) to 

* decide on which algorithm to use. 
V 

private byte[] SEK = null; // session encryption key 

int sek_id - -1; // RSC registration id 

byte[] publicKey - null; // RSA public key 

byte[] privateKey - null; // RSA private key 

private final static String SECRET_ALG = "RC4"; // encryption algorithm 
private final static int SEKLEN - 8; // encryption key length 

* Channel database initialized (install JCE and thread counter) . 
*/ 

private static boolean DB_INITIALIZED - false; 
/** 

* Daily program schdule. 
*/ 

private Hashtable programSchedule - null; 
/** 

* Daily commercial schedule. 
*/ 

private Hashtable commercialSchedule - null; 
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* The radio antenna server can activate the channel broadcasting by 

* starting this <code>channelThread</code> . 
V 

private Thread channelThread - null; 

1 * The channel broadcasting does not actually begin unless this RTCP listener 

* thread detects that there is at least one listener present at the time. 
*/ 

private Thread rtcpThread = null; 

1 * This variable indicates the state of the thread (active or suspended) . 

private boolean threadSuspended = false; 

/** 

* Manages the number of running threads (channels) . 
*/ 

protected static ThreadCountManager threadCounter - null; 
/** 

* The RTCP listener. 
*/ 

private RTCPListener rtcpListener - null; 
private RTCPSocket rtcpRegistry = null; 

/* 

* Multicast resources. ,* 

*/ , '. 

byte reevjbuf [ I ; // receiver buffer 

byte sendjbuf []; // receiver buffer 

DatagramPaclcet recv_pack; // receiver packet 

DatagramPacket send_pack; // receiver packet 

private MulticastSocket recv_msock; // multicast socket for receiving 

private MulticastSocket send_msock; // multicast socket for sending 

private boolean SOCKET_IN_USE - false; // prevents abrupt socket kill 

/** 

* Creates a new thread and starts the <code>Channel</code> operation 

* which consists of broadcasting (multicasting) the channel contents 

* to its local clients and storing the station profile. 

* 9parara chan_id the channel number. 

* Sparara maddr the local multicast address. 
*/ 

public Channel (int chan_id, InetAddress maddr) { 

// install jce provider 
if ( ! DB_INITIALIZBD) { 

threadCounter - new ThreadCountManager () ; 

DB_INITIALIZED ■ Security. addProvider (new ABAProvider <) ) > -Is 

} 

// initialize channel 
chanlD - chan_id; 

programschedule » new HashtableO; 
comraercialSchedule - new HashtableO; 
g_maddr - null; 
l_maddr - maddr; 

// initialize rtcp listener 

rtcpRegistry » new RTCPSocket (MaddrDispenser. rtcp_map (maddr) > 
MarconiServer . irc_PORT+1 , true) ; 
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rtcpListener - new RTCPListener (rtcpRegii 
rtcpListener. start () ; 
rtcpThread = new Thread(this) ; 
rtcpThread. start () ; 



' This <code>run</code> method implements the channel's broadcast 
' operation. 



* Channel thread running. 
*/ 

while (Thread, cur rentThreadO ™ channelThread) 



li Server . MAX_PA¥LOADLEN 
+ MarconiServer .MAX_RTPHDRLEN] ; 
recv_pack = new DatagramPacket ( recv_buf , recv_buf . length) ; 
recvjnsock. receive (recv_pack) ; 

//System, out. printlnt "received RTP from " + recv_pack . getAddress <) +■ ":" ■>■ i 
- cv_pack.getPort 0 ) ; 

catch (Exception e) ( , ! 

System. out. println <obj_name + ".run: channel-" + chanID) ; 
e.printStackTraceO ; 

} 

SOCKET_IN_USE - false; 

II Decrypt S 3end local 
int n - recv_pack.getLength() ; 
if (n > 0 S4 SEK !- null) { 
try < 

//Cipher cipher - Cipher .getlnstance (SECRET^ALG) , • 

//cipher. init (Cipher. DECRYPT_MODE, new SecretKey Spec (SEK, SECRET_ALG) I ; 

//byte[] send_buf - cipher. doFinal (recv_pack. get Data 0 ) ; 

byte[] sendjbuf - recv_pack.getData ( ) ; 

send_pack - new DatagramPacket (send_buf , n, l_maddr, 

MarconiServer . IRC_PORT) ; 
send_jnaock.send(send_pack, (byte) MarconiServer. L0CAL_TTL) ; 
//System. out. println ("sent to " + sendLpack. getAddress () + ":" + send_p. 

*■ k.getPortO ) ; 

) 

catch (Exception e) < 

System. out. println (obj_name ♦ ".run: "); 
e. print St ackTr ace () ; 



'* Uncomment below to use variable sleep feature, (and comment above) . 
' Sleep, (accordingly wrt # of running channels) 
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catch (InterruptedExcept] 



// let other channels (threads) run (tir 
//Thread. yield () ; 



* RTCP listener thread running. 
*/ 

while (Thread. currentThread ( ) ~ rtcpThread) ( 

//System. out. println (obj_name + ".run: channel-" + chanIC 
gistry .getNumMembers () ) ; 

// determine whether or not to start the channel thread 
if <!isOnline() S4 rtcpRegistry .getNumMembers ( ) > 0) { 



: channel-" + chanID 



:. println (obj_name + 

: start channel-" + chanID) j 



> 

// determine whether or not to stop the channel thread 
if (isOnlineO 44 rtcpRegistry .getNumMembers 0 — 0> { 
stopO ; 

System. out. println (obj_name + ".run: channel-" + chanID 
+ " stopped") ; 

/* Uricomment below to use variable sleep feature, (and comment above) . 
* Sleep, (accordingly wrt # of running channels) 



synchronized (this) ( 

while (threadSuspended && channelThread ! 



catch (InterruptedExcept ion e) { 



// let other channels (threads) run (time-slicing) 
//Thread. yield () ; 



' Starts the broadcast thread for this channel. The channel will begin 
' to listen on its content provider's data stream and do its protocol 
' process (strip-off header, check for special packet, decrypt, etc.) 
■ and broadcast (multicast) the remaining audio data to all clients tuned 
' to this channel. 

' ^exception TooManyChannelThreadsException if too many 
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» <code>channelThread</code>s are cunning (broadcasting) . 

*/ 

public synchronized void start () throws TooManyChannelThreadsException ( 

if ( lisOnline () ) ( 

if (g_raaddr !- null 4S threadCounter . addThread ( ) ) ( 
System. out . println (ob j_name 

+ ".start: initializing channel-" 
+ chanID) ; 

// create sockets & join group 
try { 

send_m30Clc ■ new MulticastSocket!); 

recv_msock - new MulticastSocket (Marconi Server. RSC_PORT) ; 
recv_msock. joinGroup (g_maddr) ; 

> 

catch (lOException e] { 

System, err. println (ob j_name + ".start:"); 
e.printStackTraceO ; 

\ 

II start channel announcement thread 
channelThread - new Thread (this ) ; 
channelThread . start ( ) ; 

) 

else { 

throw new TooManyChannelThreadsException 

(obj_name t ".start: too many threada running"); 

> 

else < 

throw new illegalThreadStateException 
(ob j_narae 

+ ".start: broadcast thread already running for channel-" 
+ chanID) ; 



• Stops the broadcast thread for the channel. The channel itself : 
' to be destroyed. 



public synchronized void stopO { 



// free sockets S threads 
try { 

channelThread - null; 
while <SOCKET_IN_USE) ( 
Thread. sleep (3) ; 

} 

recv_msock . leaveGroup (g_maddr ) ; 
recv_rasock. close () ; 
aeneUnsock. close () ; 

\ 

catch (Exception e) { 

System. err. println (obj_narae i- " 
e .print StackTr ace ( ) ; 

\ 

finally { 

notify () ; 
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ow new illegalThreadStateException 
(ob j_name 

+ ".atop: broadcast thread not running for channel-" 
+ chanID) ; 



* Stop aLl threads and destroy this object. 
*/ 

public synchronized void destroy () ( 



rtcpThread - null; 
rtcpListener . stop < ) ; 
rtcpRegistry .close ( ) 



* Temporarily suspends the running broadcast thread. 
*/ 

public synchronized void suspend!) ( 

if (isOnlineO) { 

threadSuspended - true; 
notify!) ; 

) 

else { 

throw new IllegalThreadStateException 
(obj_naroe 

t ".suspend: broadcast thread not running for channel-' 
+■ chanID) ; 

} 



* Resumes the broadcast operation. 
*/ 

public synchronized void resume () { 

if (isOnlineO) { 

threadSuspended - false; 
notify () ; 

> 

else { 

throw new IllegalThreadStateException 
(obj_name 

+ ■■: broadcast thread not running for channel-' 
+ chanID) ; 

} 



' Tests to see if thread is running (i.e. channel is broadcasting). 



protected synchronized boolean isOnlineO { 

return (channelThread !- null) ? true : false; 
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/** 

* Initializes broadcasting process. Registers (make payment) with the radio 

* station to obtain the SEK. Set key pair (public/private) . 

* 9param pubKey public key of RAS, as given by <code>MarconiServer</code> . 

* gparam privKey private key of RAS. 
*/ 

protected synchronized boolean init (byte ( ] pubKey, byte CI privKey) f 
this.publicKey - pubKey; 
this.privateKey - privKey; 
try { 

System. out .println(obj_name + ".init: contacting RSC at " 

+ host +■ "..."); 
station = (RSC) Naming . lookup ( "//" 



sek_id - station. enroll (publicKey) ; 
System. out . print In (obj_name 

+ ".init: public key submitted (sekid-" 



> 

/** 

* Adds individual commercial into the channel database. 

* (Jparam ad_id advertisement id or commercial filename. 
*/ 

protected synchronized void addCommercial (String ad_id) < 

// set date using the time at GMT at 0 hour (midnight) 
Date date = new Date (Timestamp .get_midnight 0 ) ; 

if ( ! commercialSchedule. containsKey (date) > { 
Vector2 ad_list - new Vector2<); 
commercialSchedule.put (date, ad_list) ; 

Vector2 ad_list - (Vector2) commercialSchedule. get (date) ; 
ad_liat . addElement (ad_id) ; 



* Removes th* list of commercials in the database. 

V 

protected synchronized void removeComraercialsO { 

// set date using the time at GMT at 0 hour (midnight) 
Date date - new Date (Timestamp. get_midnight ()) ; 

if (commercialSchedule. containsKey (date) ) ( 

vector2 ad_list - <Vector2) commercialSchedule. get (date) ; 
ad_list . removeAll Elements () ; 
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* Generates a commercial^list file from the channel dat 

* of a list of filenames to be read-in by the advertisement insertion module. Each 

* file in the list should contain the actual audio data for the commercial playing 

* and its name is added to the database via. <code>addCommercial ( ) </code> method. 

* The commercial-list file takes the global multicast address of this station in 

* numerical format appended by ".1st". 

protected synchronized void genCommercialFile 0 ( 
Date date =■ new Date (Timestamp.get_midnight ( ) ) ; 

if (commercialSchedule.containsKey (date) ) { 

try < . , 

File file = new File (g_maddr . getHostAddress ( ) +■ ".1st"); 

PrintWriter fout = new PrintWriter (new Buff eredwriter (new FileWriter ( f il 

Vector2 ad_list = (Vector2) commercialSchedule .get (date) ; 
String!] ad_arr = ad_list . toStringArray ( ) ; 
if (ad_arr !- null) { 

for (int i - 0; i < ad_arr . length; i++> { 

fout. print In < (ad_arr[i] '-null) ?ad_arr[i] : "">; 

) 

System. out. println (ob j_name + ".genCommercialFile: file updated -" 
+ new DateO); 

fout .close 0 ; 
catch (IOException e) { 



* Returns channel statistics. 

» areturn channel accounting information packaged in <code>ChannelStatistics</code> 

* class. 

protected synchronized ChannelStatistics audit () { 

return new ChannelStatistics (String. valueOf (chanID) , rtcpRegistry .getNumMembers 0 ) ; 



* Reads from a CDP packet and extracts channel information. 

* Sparara cdp the channel description packet to be parsed. 

protected synchronized, void read_cdp (CDPPacket cdp) ( 
if (cdp. name I- null) ( 
this. nam* - cdp. name; 

if (cdp. category I- null) ( 

this . category - cdp. category; 

if (cdp. description !- null) { 

this. description ■ cdp.deacription; 

} 

if (cdp. language !- null) { 

this . language - cdp. language; 

if (cdp. origin !- null) { 

this. origin - cdp. origin; 

if (cdp.MADDR !- null) { 
try < 



78 



WO 00/79734 



PCT/US00/16913 



Channel, java Tl^jt i 17 14:23:49 1999 10 

this.g_maddr - inetAddress.getByName (cdp . MADDR) ; 

> 

catch (Exception e) { 
} 

} 

if (cdp. id !- null) ( 
this, host =■ cdp. id; 

} 

if (cdp.SEKLIST != null) { 

if (sek_id >= 0 && sek_id < cdp . SEKLIST . length) { 
if (cdp. SEKLIST [sek_id] != null) ( 
SEK = new byte [SEKLEN] ; 

byte I] temp_byte = Base 6 4 .decode (cdp. SEKLIST [sek_id] . get Bytes ( ) ) ; 
System. arraycopy (temp_byte, 0, SEK, 0, 

Math. rain (temp_byte. length, SEKLEN) ) ; 

> 

) 

) 

if (cdp. date != -1 SS cdp. schedule !=■ null) { 

// set date using the time at GMT at 0 hour (midnight) 
Date date = new Date (Tiraestamp . get_midnight (cdp. date) ) ; 

// store schedule 

programSchedule. put (date, cdp . schedule) ; 
/* 

* The commercial database design is not utilized in this version. 

* Instead, refer to genCommercialFile ( ) and its related methods for , * 

* supporting LAIP (local advertisement insertion protocol) . £ ! 

commercialSchedule. put (date, new CommercialScheduleO ) ; 



* Writes current channel information to a CDP packet. The scheduling 

* information is only done for the current date. Thus the server is nc 

* supported to post announcements for future dates. 

* (3 return a fully initialized CDP packet. 
V 

protected synchronized CDPPacket write_cdp() { 
CDPPacket cdp - new CDPPacket <); 

// get today's 
Date today - r 

// copy channel info 
cdp. name - this. name; 
cdp. category - this . category; 
cdp. id - String.valueOf (this.chanID) ; 
cdp . description » this. description; 
cdp. origin - this. origin; 
cdp. language - this . language; 
cdp. MADDR » this.l_maddr.getHostAddress 0 ; 
cdp.MPORT - MarconiServer.IRC_PORT; 
cdp.MTTL - MarconiServer.LOCAI._TTL; 

// copy schedule info 
cdp. date - today. get Time () ; 

String sched - (String) this. programSchedule. get (today) ; 
cdp. schedule - (sched ~ null) ? : ached; 
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return cdp; 



* The <code>ThreadCountManager</'code> class implements the operations done 

* on the number of running threads. It defines the maximum number of threads 

« (i.e. channels) . It also calculates the announcement interval time by taking 

* number of channels into account. 

* <p> 

* Sauthor -riK. 

* Sversion ^Revision: 1.0 $ 

* @since prototype 1.0 
*/ 

class ThreadCountManager { 
int threadCount = 0; 

public final static int MAX_THREADCOUNT - Marconi Server . MAX_CHANNELS ; 
final static int MAX_SLEEPTIME - 200; 
final static int MIN_SLEEPTIME = 20; 



♦ Increments the thread counter. 
*/ 

protected boolean addThreadl) { 

if (threadCount < MAX_THREADCOUNT> ( 
threadCount++; 



* Decrements the thread 
V 

protected boolean removeThread ( ) { 
if (threadCount > 0) < 
threadCount — ; 
return true; 



' Tells whether there are r 



protected boolean isEraptyO { 
return (threadCount — 0) 



■ Returns the number of running threads. 



* Returns each thread's appropriate sleep time in number of milliseconds. 

* The more threads running, the less sleep time for each thread. 
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ireadCount * 10, MIH_SLEEPTIME) ; 
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a3 .>ChannelMonitorApplet. java -v2 . 0 (prototype version), 1999/05/22 $ 

* Sjdkl.2, -riK. 
V 

package marconi . ras ; 

import java. applet .Applet; 

import java.util.*; 

import java.net.*; 

import java.rmi.*; 

import java. rmi. server. *; 

* The ChannelMonitorApplet exports a remote object, and periodically contacts RAS 

* to obtain channel accounting information and plots it in graph format. 



public class ChannelMonitorApplet extends Applet 
implements Runnable ( 
final static int INCR - 10; 
final static int GRIDLEFT = 150; 
private static int WIDTH = 600; 
private static int HEIGHT - 350; 

private static String title = ""; 

final static String obj_name - "marconi . ras . ChannelMonitorApplet ; 

Thread updateThread - null; » ! 

private Hashtable channelTable - new HaahtableO; 
private RAS rasServer = null; 

/** 

* Updates channel status. 
*/ 

public void update () ( 

ChannelStatisticsU channels - null; 
try { 

channels = rasServer. getStatistics <> ; 

System. out. println(obj_narae + ".update: " + new DateO); 

} 

catch (RemoteException e) { 

for (int i = 0; i < channels. length; i++) { 

if <channels[i] I- null) { u „ 

ChannelData data - (ChannelData) channelTable. get (channels U] .chan_ia) , 
if (data !- null) { 

data. update (channels li] ) ; 

) 



* Periodically update. 
*/ 

public void run() < 

while (Thread. cur rentlhreadO — updateThread) i 
try { 

Thread. sleep (10000) ; 

> 

catch (interruptedException e) { 
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public void start () { 

updateThread - new Thread (this) ; 
updateThread. start () ; 



public void stopO { 

updateThread - null; 



* Initializes the applet. 
*/ 

public void initO ( 
try < 

// lookup RAS server 

URL URLbase = getDocumentBase ( ) ; 

System. out .println (obj_name + ".init: looking up RAS") ; 

rasServer = (RAS) Naming. lookup ("//" + URLbase . getHost ( ) + ":" 
+• getParameter ("RASPort") 
+ "/marconi . ras.MarconiServer") ; 



ChannelStatistics [] channels - null; 
try < 

channels •» rasServer. getStatistics () ; 

System. out. println (obj_name + ".init: " + new DateO); 

) 

catch (RemoteException e) { 
e . printStackTrace ( ) ; 

) 

for (int i - 0; i < channels. length; i-n-) ( 

if (channels[i] !- null && IchannelTable.containsKey (channels ti] .chan_id) ) { 

channe liable. put (channels [i] .chan_id, new ChannelData (channels [i] .chan_id) ) ; 

) 

> 

setBackground (Color. white) ; 
setLayout(null) ; 

// draw checkboxes 
int i - 0; 

Enumeration enum - channelTable . elements () ; 
while (enun.hasMoreBlements () ) { 

ChannelData data - (ChannelData) enum. next Element () ; 

SmartCheckbox cb - new SmartCheckbox (data, this) ; 

data.cb - cb; 

add(cb); 

validate () ; 

cb.setState (data. displayed) ; 
cb.setBounds (10, i++*30+25, 60, 18); 

} 



' Called when applet is destroyed. 
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public void destroy () { 



* Paints the panel. 
*/ 

public void paint (Graphics g) { 

// draw title 
g.setColor (Color. black) ; 

g. drawstring ( "Channels monitored:"/ 10, 10); 

// draw grid lines 
g.setColor (Color. darkGray) ; 

for (int i = GRIDLEFT; i < WIDTH; i +- 50) ( 
g.drawLineU, 0, i, HEIGHT - 50); 

for (int i = 0; i < HEIGHT; i +- 50) { 

g.drawLine (GRIDLEFT, i, WIDTH - 50, i); 

) 

g.setColor (Color. black) ; 

for (int i = 0; i < HEIGHT; i +- 50) { 

int x = i / 2; 

if (x >- 100) x = 24; 

else if (x >- 25) x - 17; 

else x = 10; 

g.drawString(String.valueOf (i/2) . GRIDLEFT - x, HEIGHT - 50 - i); 



// draw channels 

Enumeration enum = channelTable. elements 0 ; 
while (enum.hasMoreElementsO ) < 

ChannelData data - (ChannelData) enura.nextEleraent () ; 



ChannelStatistics [) updates; 
synchronized (data. updates) { 

size - data. updates. size 0 ; 

updates - new ChannelStatistics [size) ; 

data. updates. copylnto (updates) ; 

) 

g . setColor (data. color) ; 
if (data. displayed) { 

J I draw box around checkbox if mou3e is over Lt 
if (data.cb !- null 44 data.cb.haveMouse 0 ) { 
Point p ■ data.cb.getLocationl) ; 
Dimension d - data.cb. get Size 0 ; 
g.drawRect<p.x-l. p.y-1, d.width+4, d.height+4); 
g.drawReet(p.x-2, p.y-2, d.width+4, d.height+4); 

// point to graph for stock 
if (size > 0) { 

g . dr awLine (p . x+d . width+2 , p . y+1 0 , GRIDLEFT , 

scale (updates [0J . listenerCount) ) ; 
if (updates [size - 1] !- null) { 

g.drawString<String.valueOf (updates [size - 1] . ListenerCount) , 
GRIDLEFT+si ze * INCR, 

scale (updates [size-1] .listenerCount) ) ; 



// draw graph of updates for this stock 
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* - gridleft; 

(int i - 0; i < size; { 
if (updates [i] null) ( 

g. EillOval(x-l, scale (updates [i ]. listenerCount) -1 , 4, 4) ; 
if <(i < size - 1) a updatesli + 1] !- null) ( 
g .drawLine(x, scale (updates [i] .listenerCount), 

x + I NCR, scale (updates [i + 1 1 . listenerCount )) ; 

} 

} 



' Used to scale y-values. 
'/ 

.nt scale (float y) { 

return HEIGHT - (int) (y*3+.5) - 50; 

[ HEIGHT - (int) (y*2+.5) - 50; 



* Make sure that mouseHere is set properly. 

void setMouseHere (boolean display) { 

Enumeration enum - channelTable. elements () ; 
while (enum.hasMoreElements () ) { 

ChannelData data - (ChannelData) enum.nextElement ( ) , 

data. cb. mouseHere - display; 



* ChannelData contains 3tock updates and display information. 
*/ 

class ChannelData { 



// channel 
public String id; 

private static int channelCount - 0; 

// update history 

public Vector updates; 

private static int updateCount ; 

final static int MAX_UPDATES - 34; 



// display 

public boolean displayed; 
public SmartCheckbox cb; 
public Color color; 

private Color[] colorTable - {Color. blac)«. Color. gray. Color. cyan, 

Color. pink, Color .magenta, Color. orange, 
Color. blue. brighterO , Color. green, 
Color. red. brighter 0 , Color. gray); 



* Constructor. 
V 

public ChannelData (String id) { 
this. id - id; 

this. color - colorTable [channelCount++ % colorTable . length] ; 
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this. updates = new Vector (MAX_UPDATES) ; 
displayed = true; 



* updates channel status. 

void update (ChannelStatistics channel) { 
synchronized (updates) { 

if (updates. size () == MAX_UP DATES ) ( 
updates . removeElementAt (0) ; 

if (updates . size ( ) < updateCount - 1) ( 

for (int i = updates . size 0 ; i < updateCount 
updates. addElement (channel) ; 



updates. addBlement (channel) ; 
updateCount - updates . size () ; 



public static void reset!) 
updateCount - 0; 
channelCount = 0; 



* A smart checkbox that records whether the mouse is over the checkbox. 
*/ 

class smartcheckbox extends Canvas { 
ChannelData data; 
boolean state - true; 
ChannelMonitorApplet panel; 
boolean mouseHere = false; 

public boolean haveMouseO { 
return mouseHere; 



* Constructor. 

public SmartCheckbox (ChannelData data, ChannelMonitorApplet p) { 
this. data - data; 

} P 

public boolean mouseEnter (Event evt, int x, int y) { 
if (state) { 

/ /panel. setMouseHere (false) ; 
mouseHere - true; 
panel . repaint ( ) ; 

) 

return false; 



public booLean mouseExit (Event evt, int x, int y) { 
if (state) ( 

mouseHere - false; 
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panel. repaint ( > ,- 
return false; 

public boolean mouaeDown (Event evt, int x, int y) ( 
if (state) 

state - false? 

eLse 

state - true; 
mouseHere = stater- 
data . displayed = stater- 



public void paint (Graphics g) < 
g.setcolor (Color. white) ; 
g.drawLine(4,4,14,4); 
g.drawLine (4, 4, A, 14) ; 
g.setColor (Color. gray) ; 
g.drawLine(5, 14, 14,14) ; 
g.drawLine (14, 5, 14, 14) ; 
g.setColor (data. color) ; 
g.fillRect(5,5,8,8>; 
g.setColor (data. color) ; 
g.drawStringCCh-" + data. id, 17, 15); 
g.setColor (Color . white) ; 
i£ (state) < 

g.fillRect(7, 1, 4, 4); 



public void setstate (boole. 
state = s; 
repaint ( ) ; 
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.i:as.>ChannelStatistics.:a v a -v2 . 0 (prototype version), 1999/05/22 5 

* @jdkl.2, -ciK. 
V 

package marconi . ras ; 
/** 

* This class encapsulates the channel accounting information, such as the number 

* of current listeners. It can be extended to include other kinds of data for auditing 

* or periodic logging. 



* Ssince prototype vl . 0 
*/ 

public class ChannelStatistics implements java. io.Serializable ( 

* Channel Ed. 
*/ 

public String chan_id - "■; 

Usage. The current numbec of listeners for the specified channel. 

*/ 

public int listenerCount - 0; 
/** 

* Constructor. 
»/ 

public ChannelStatistics (String id, int count) { 
chan_id = id; 
listenerCount = count; 
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:as . >CommercialSchedule. java -vl . 0 (prototype version), 1998/09/06 S 



The <code>CommercialSchedule</code> class represents a template for schedule of 
• commercial time slots. Currently, the number of commercial breaks each day and 
■ the number of advertisement slots for each break are statically set, but it 

should be extended to be more dynamic. In any event, it provides several APIs 

for retrieving proper information from the advertisement database. 

<p> 



* Gversion $Revision: 1.0 $ 

* Ssince prototype vl . 0 
*/ 

public class CommercialSchedule { 



* An array of commercial breaks. 
*/ 

private CommercialBreak [ ] breaks; 
/** 

* Number of breaks per day. 
V 

public int N_BREAKS = 8; 
/* 

* Break counter. 
*/ 

private int breakCounter - -1; 



* Time-slot < 
*/ 

private int slotCounter - -1; 
/** 

* Creates new instance of commercial schedule, use default number of breaks. 



// allocate breaks with slots 
for (int i - 0; i < N_BREAKS; i++) { 
breaks[ij - new CommercialBreak () ; 



' Creates new instance of commercial schedule. This cannot be used in this 

- version because the advertisement registration protocol assumes the default 

' setting anyways . 

■ Sparam freq number of breaks per day. 
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public CommercialSchedule(int freq) { 
fj_BREAKS - freq; 

breaks - new CommercialBreak [N_BREAKS ] ; 

// allocate breaks with slots 
£or (int i - 0; i < u_BREAKS; i++> < 
breaks [i] - new CommercialBreak <) ; 



public void nextBreak I ) { 

breakCounter = (breakCounter 
alotCounter = -1; 



* Gets the next advertisement id in schedule. 
*/ 

public String nextSlotO { 
if (breakCounter < 0) { 
nextBreak ( ) ; 

> 

alotCounter = (alotCounter + 1) % breaks [breakCounterl .N_SL0TS; 
return breaks [breakCounter ] .getCommercial (slotCounter) ; 



* Returns the available time slots for advertisement. Each vector element is 

* associated with a commercial break, which has 8 (default) possible slots. 

* Ihe9e 8 slots are represented by a <code>binary string</code> where a '1' 

* means that the slot is occupied. 

* 8return a vector of bytes which represents the available commercial slots. 
*/ 

public synchronized Vector getTimeSlots ( ) ( 
Vector breakList - new Vector ( ) ; 



breakList; 



* Sets the requested time slot for the given advertisement. 
*/ 

public boolean setTimeSlot (int break_id, int slot_id, String ad_id) 
t breaks [break_id) .reserveSlot(slot_id, adU-d) ; 



' Each commercial break consists of the following: 

' <ul> 

' <li>the number of slots for this break (does not neccessarily have to 

be S but the prototype should use this default value) ; 

' <li>array of slots that contains the commercial ids; 

' </ui> 

- <p> 
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» Sauthor -riK. 

* aversion SRevision: 1.0 $ 

* gsince prototype vl . 0 
*/ 

class CommercialBreak { 
/" 

* The number of commercial slots per each break. 
*/ 

public final int N_SL0TS = 8; 

* This prototype version does not use the below parameter. . . 
private Date breakTime; // beginning of the commercial break time 

/* 

* 8-bits are used to represent 3 commercials. Each bit maps to a 30 second 



• The array of slots that contain advertisement id. 
*/ 

private String!] slots; 



* Constructor for commercial break. 
*/ 

publ. CommercialBreak () ( 
i. iis. bitmap » 0; 
-lots =■ new String [N_SLOTS] ; 



i see if all the slots < 



» Get the bitmap representation of the slots 
*/ 

protected String getBitraapO { 

i Integer. toBinaryString (bitmap) ; 



* set the bit for the requested time slot. Slots are of course 0-based (0-7). 
*/ 

protected synchronized boolean reservesiot (int slot. String ad_id) { 
if UsFullO) { 
return false; 

} 

int slot_bit - 1 « slot; 
if ((bitmap 4 slot_bit) > 0) { 
return false; 
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> 



* Reserve any available time slot; 
*/ 

protected synchronized boolean reserveSlot ( String ad_id) { 
if (this.isFull () ) { 
return false; 



boolean success « false; 
for (int i - 0; i < N_SLOTS; i++) ( 
if (slots [i] ~ null) { 

bitmap 1= 1 << i; 

slots [i] - ad_id; 

success = true; 

break; 



return success; 



* Get the specific commercial. 
V 

protected synchronized String getCommercial (int slot) { 
return slots [slot I; 



} 



92 



WO 00/79734 



PCT/US00/16913 



SUka»ctionH«n<U«r-3»'* Ami Ju* " 1«:24:54 1999 



Radio Network 

snna Server (RA.S) : (HAS Action Handier] 

* $< ma rconi.ras.>RASActionHandler. java -v2 . 0 (prototype version), 1998/02/17 S 

* 8jdkl.2, -riK. 
•/ 

package marconi . ras; 

import java.awt.*; 

impo rt j ava . awt . event . * ; 

/ * This class handles two action commends, particularly <code>Ok</code> and 

* <code>Toggle</code> buttons . 
*/ 

public class RASActionHandler ( 

public static ActionListener buttonControl - new ActionListener ( ) < 
public void actionPerf ormed (ActionEvent e) { 
String command - e.getActionCommandO ; 
if ( command. equals ("Ok") ) { 

RASControls .processCommand 0 ; 



!")) { 



else if (command. equals ("Add Commercial")) ( 
ADControls.processAddO ; 

else if (command. equals ("Submit Commercials")) 
ADControls .processSubmit 0 ; 

else if (command. equals ("Remove Commercials")) 
ADControls.processRemoveO ; 



public static ActionListener listControl - new ActionListener 0 ( 
public void actionPerf ormed (ActionEvent e) { 

if (RASContcols. actionDisplay. equals ("Add") ) ( 
RASControls . entry_l . setText 

( RASDi rectory . directoryList_l . get I tern 
(RASDirectory.directoryList_l.getSelectedIndex() ) ) ; 

} 

) 
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/* marconiNet - Internet Radio Network 

* Distributed Radio Antenna Server (RAS) : [RAS GUI Controls] 

* S<marconi.ras.>RASControls. java -v2 . 0 (prototype version), 1999/02/15 S 



import java.awt.*; 
import java.awt. event.*; 
import java.util.*; 

' * Thi3 panel contains user interfaces to the applet. 

public class RASControls extends Panel ( 
public static RASMgrApplet owner; 
public static Choice ids; 
public static TextField entry_l; 
public static Button button_l; 
public static Button button_2; 
public static String actionDisplay; 
private static int WIDTH - 600; 
private static int HEIGHT - 50; 

/** 

• instantiates the control panel. 
*/ 

public RASControls (RASMgrApplet main) { 
owner » main; 
actionDisplay - "Add"; 

GridBagLayout grid ■ 
GridBagConstraints < 
setLayout (grid) ; 
cons. fill = GridBagConstraints. NONE; 
cons.weightx - 0.0; 

// define toggle button 

button_l = new Button(" " + actionDisplay + " ")? 
button_l . setAct ionComraand ( "Toggle" ) ; 

button_l.addActionListener (RASActionHandler.buttonControl) ; 

button_l . setBackground (Color . lightGray) ; 

// button_l. setBackground (Color. black) ; 

button_l . setForeground (Color .black) ; 

// button_l .aetEoreground (Color. red) ; 

add (button_l) ; 

validate ( ) ; 

// channel id 

ids - new Choice () ; 

updatelDsO ; 

grid. setConstraints (ids, cons) ; 
ids. setForeground (Color. black) ; 

// ids. setForeground (Color. yellow. darker <) ) ; 

ids . setBackground (Color . lightGray) ; 

// ids. setBackground(Color. black) ; 

add (ids) ; 

validate <>; 

// selected station (multicast address + name) 

entry_l - new TextField (30 ) ; 

grid. setConstraints (entry_l, cons) ; 

entry_l .setForeground (Color. black) ; 
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/ / entry_l .aetForeground(Color. yellow. dc 

entry_l -set-Background (Color .gray, brighter () ) ; 

// entry_l .setBackground (Color .blue .darker ( ) . darker ()), • 

add(entry_l) ; 
validate!) ; 

// add global to local 

cons.gridwidth - GndBagConstraints. REMAINDER; 
button_2 =• new ButtonC Ok "); 
bu 1 1 on_2 . set Act i onCommand ( " Ok " ) ; 

fcutton_2.addActionListener (RASActionHandler .buttonControl) ; 

button_2 . setBackground (Color . lightGray > ; 

// button_2 . setBackground (Color. black) ; 

fcutton_2 . setForegrourid (Color .black) ; 

// button_2 . setForeground (Color. red) ; 

grid.setConstraints (button_2, cons) ; 

add(button_2) ; 

validate 0 ; 



setSize (WIDTH, HEIGHT) ; 



Carries,, out the specified action. 

>lic static void processCommandO ( 

// if action is "Add" 

if (actionDisplay .equals ("Add") ) ( 

String textfield =■ entry_l .getText ( ) ; 

String id_str - ids .getSelectedltem () ; 

if (textfield. indexOft", "I > 0 i« id_str !- null) { 

StringTokenizer dir - new StringTokeniser (textfield, " ) ; 
String ma ■ dir .next Token 0 ; 
String name - dir .nextToken () ; 
int id - Integer. parselnt (id_str) ; 
if (owner. addChannel (id, ma)) ( 

owner. showMe a sage ("Added new channel...", false); 

updatelDs 0 ; 

} 

else < 

owner. showMessage( "Channel could not be added... true); 



ion from global directory.' 



// if action is "Remove" 

else if (actionDisplay. equals ("Remove") ) { 
String id_str - ids. getSelectedltem () ; 

if (id_str !- null) { 

int id - Integer. parselnt (id_str); 
if (owner. removeChannel (id) ) { 

owner. showMessage( "Removed channel ' 

update IDs () ; 



95 



WO 00/79734 



PCT/US00/16913 



USCoBtrola.j*** Th^fea it- 14:25:05 1999 



// clear input fields 
entry_l.setText("") ; 



Implements the toggle mechanism for the control button; 

I 

iblic static void toggleButton ( ) ( 

//if button label says "Add", change it to "Remove" 
if (actionDisplay. equals ("Add") ) { 
actionDisplay - "Remove"; 

owner. showMessage ("Please select a channel to remove...", false); 
updatelDsO; 

) 

//if button label says 'Remove", change it to "Add" 
else if (actionDisplay .equals ("Remove") ) ( 
actionDisplay - "Add"; 

owner. showMessage ("Please select a station to add...", false); 
updatelDs ( ) ; 

1 

button_l . setLabel (actionDisplay) ; 



■ Updates available channel ids. 



if (actionDisplay .equals ("Remove") ) { 

for (int i - 0; i < owner. channellDs. length; 
if ( owner. channellDs [i] ) ( 

ids. add (String. valueOf (i) ) ; 

> 

} 

} 

else { 

for (int i - 0; i < owner. channellDs. length; 
if <! owner .channellDs [i] ) < 

ids.aekKString.valueOf <i) ) ; 
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! Directory Controls] 
^RASDirectory. java -v2 . 0 (prototype version), 1999/02/15 $ 



package marconi.i 
import java.« 

import java. uti.1. Enumerate 
import java.io.*; 
import marconi.util . *; 

* This panel contains user interfaces to the applet. 
*/ 

public class RASDirectory extends Panel 
implements Runnable ( 

/*» 

* This thread periodically downloads global channel announcements (CAP) cache. 
*/ 

private Thread g_directorylhread - null; 

* This thread updates the announcements for the Locally supported channels. 
*/ 

private Thread l_direetoryThread - null; 

* The global announcement update interval. 
*t 

private static long G_UPDATE =■ 20000; 

* The local announcement update interval. 
*/ 

private static long L_UPDATE - 20000; 

public static RASMgrApplet owner; 
public static Label label_l; 
public static List directoryLiat_l; 
public static Label label_2; 
public static List directoryList_2; 
private static int WIDTH - 600; 
private static int HEIGHT - 200; 

* The file dump. 
*/ 

public final static File file - new File("_mapsta") ; 

* Instantiates the directory display panel. 
*/ 

public RASDirectory (RASMgrApplet main) { 
owner - main; 

GridBagLayout grid - new GridBagLayout ( ) ; 
GridBagConstraints cons - new GridBagConstraints () ; 
setLayout(grid) ; 

cons. fill - GridBagConstraints. NONE; 

setFcnt (new Font ("Helvetica", Font. BOLD, 24)); 
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// label 1 

cons .weight* -1.0; 

label_l - new Label (); 

label— 1 -set Text (* Global Channel Directory ") ; 

grid.setCpnstcaint3(label_l, cons) ; 

label_l. setForeground (Color .black) ; 

// label_l . setForeground (Color. white) ; 

add(label_l) ; 

validate () ; 

// label 2 

cons .gridwidth = GridBagConstraint 3. REMAINDER; 
label_2 - new Label () ; 

label_2 . setText ( " Local Channel Directory ") ; 

grid.setConstraints(label_2, cons) ; 

label_2 . setForeground (Color . black) ; 

// label_2. setForeground (Color .white) ; 

add (label_2) ; 

validated ; 

setFont (new Font ("Helvetica", Font. PLAIN, 14)); 
// list 1 - global 

cons .gridwidth = GridBagConstraint 3 .RELATIVE ; 
directoryList_l = new List (10, false); 

directoryList_l . addActionListener (RASActionHandler. listControl) ; 
grid. setConstraints (directoryList_l, cons) ; 
directoryList_l . setForeground(Color. black) ; 
directoryList_l . setBackground (Color . white) ; 

it directoryList_l . setForeground (Color . yellow. brighter (>) ; 

// directoryList_l.setBackground(Color.darkGray) ; . : 

add (directoryList_l) ; 

validate <) ; 

// list 2 - local 

cons .gridwidth » GridBagConstraint s. REMAINDER; 
directoryList_2 - new List (10, false); 

// directoryIist_2.addActionLi3tener (RASActionHandler. listControl) ; 

grid. setConstraints (directoryList_2, cons) ; 
directoryList_2 . setForeground (Color .black) ; 
directoryList_2 . setBackground (Color . white) ; 

// directoryList_2 . setForeground (Color. yellow. brighter () ) ; 

// directory!ist_2. setBackground (Color. darkGray) ; 

add (directoryList_2) ; 
validate () ; 



* Starts the directory update. 
*/ 

public void start!) ( 

g_directoryThread - new Thread (this) ; 
g_directoryThread. start 0 ; 
l_directorylhread - new Thread (this) ; 
l_directoryThread. start 0 ; 



' The run methods for the t 
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public void run() ( 

// global directory 

while (Thread. cur rentlhread () == g_directoryThread) { 
PrintWriter fout =- null; 



Thread. sleep <G_UPDATE) ; 

fout - new PrintWriter (new Buf feredWriter (new FileWriter (f ile) ) ) ; 
Enumeration enum - owner . rasServer .downloadCAP (false) .elements () ; 
Vector2 ip_addr = new Vector2(); 
Vector2 name = new Vector2(); 

while (enum.hasMoreElementsO ) ( 

CDPPacket cdp = (CDPPacket) enum. nextElement () ; 

ip_addr. addElement (cdp.MADDR) ; 

name . addElement (cdp. name) ; 

fout ,println(cdp.MADDR + " " + cdp. name) ; 



toStringArray ( ) , name . toStringArray () ) 



} 

II local directory 

while (Thread. cur rentThreadO l_directoryThread) { 
try ( 

Thread. sleep (LJJPDATE) ; 

Enumeration enum = owner. rasServer. downloadCAP (true) .elementsO ; 
Vector2 ip_addr - new Vector2(); 
Vector2 name = new vector2(); 
Vector2 id - new Vector2 ( ) ; 

while (enum.hasMoreElements 0 ) { 

CDPPacket cdp = (CDPPacket) enum. nextElement 0 ; 
ip_addr . addElement (cdp.MADDR) ; 
name . addElement (cdp . name ) ; 
id. addElement (cdp. id) ; 

} 

displayDirectory (ip_addr. toStringArray () , name. toStringArray () , 
id. toStringArray () ) ; 



catch (Exception e) { 



protected static void displayDirectory (String [] ip_addr, String!] name) ( 

if (directoryList_l.getItemCount () > 0) 

directoryList_l . removeAll () ; 
for (int i - 0; i < ip_addr. length; i++) { 

directoryList_l.add (ip_addr [i] *■","+ named]); 

\ 

protected static void displayDirectory (StringU ip_addr, StringU name, String[] id) { 
if (directoryList_2.getIteraCount() > 0) 

directoryList_2 . removeAll () ; 
for (int i - 0; i < owner .MAX_CHANNELS; i++) { 
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directoryList_2. add (String. valueOf (i) ) ,• 

for (int i = 0; i < ip_addr . length; { 

directoryList_2 . replaceltera (id[l] + " " + ip_addr[i] + ","+• name[i], 
Integer .parselnt <id[i] ) ) ; 



protected static void diaplayDirectory (String ip_addr, String name) { 
directoryList_l.add(ip_addr +-"," + name); 



protected static void diaplayDirectory (String ip_addr, String name, String id) 
, directoryList_2.replace!tem(id + ip_addr + " , " + name, Integer. parselnt <i 
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[RAS Manager Inter face] 

* $<marconi.ras.>RASManager. java -v2 . 0 (prototype version), 1999/02/15 $ 

* 9jdkl.2, -riK. 
*/ 

package marconi.ras; 
import java.rnii.*; 
/** 

* This interface is provided for the RAS to write alarming texts at the remote manager. 



' ^author -riK. 
r aversion SRevision: 1.0 $ 
• @see marconi.ras. Marconi Server 
Ssince prototype vl.O 

7 

iblic interface RASManager extends Remote 



public void showMessage (String mag, boolean blink) 
throws RemoteException; 
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: Radio Networl 
.anna Server (1 

$<marconi.ras.?RASMessageBoard. java -v2 . 0 (prototype version), 1999/02/15 S 
3jdkl.2, -riK. 



.mport java.awt.*; 
import java.net.*; 
import java. applet.*; 

* This message borad is used to display messages in a scrolling fashion. 

* The content of the message is updated by directly accessing and changing 

* the public variables <code>text</code> and <code>blink</code> . 

* if <code>blink</code> is set to <code>true</code>, the message stored in 

* <code>text</code> will scroll and also !blink!; this feature 13 

* particularly for alarm (errorl messages. 

aublic class RASMessageBoard extends Applet 
implements Runnable { 

// publically accessable vars 
public String text - ""; 
public boolean blink = false; 

// awt vars 

int shiftCnt - 0 ; 

private Font font; 

private static Color fgcolor - Color. blue; 
private static Color bgcolor - Color . lightGray; 
private Color color - fgcolor; 
private Image offScrlmage - null; 
private Graphics of f ScrGraphics - null; 
private Dimension offScrSize => null; 

Thread thread - null; 

/ * Even though this object extends from an applet, it is not to be 

* the main applet and thus is instantiated via a constructor; you may 

* set it to display some initial text; 

public RASMessageBoard (String initial_text) < 

// initialize text field 
this. text - initial_text; 



// measure screen width 
shiftCnt - getSizeO .width; 

// setup font 

font = new Font ("Helvetica", Pont. PLAIN, 16); 
setFont (font) ; 
start () ; 



» Start the thread; 
*/ 

public void start 0 < 

if (thread — null) { 

thread - new Thread (this > ; 
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thread. start () ; 



' Stop the thread; 



V 

public void run ( ) ( 

while (Thread. currentThread < ) == thread) ( 

// pause 
try { 

Thread. cur rentThreadt) .sleep (200) ; 

) 

catch (InterruptedException e) { 



// blink -> toggle colors b/w black and yellow 

// it remains black for 2 pause periods and yellow for 4 periods 
// otherwise -> stay yellow 
if (blink) 

color = < 2) ? bgcolor : fgcolor; 

color » fgcolor; 



update drawing 



* Update display (move the message to the left) . 
*/ 

public synchronized void update (Graphics g) { 
FontMetrics fMetric; 
fMetric - getFontMetrics (font) ; 
Dimension d - getSizeO; 

// create off-screen image 

if( (offScrlmage — null) II (d. width !- offScrSize. width) 
(d. height !- off ScrSize. height ) ) { 
offScrlmage - createlmage (d. width, d. height); 
offScrSize - d; 

of fScrGraphics ■ offScrlmage. getGraphics () ; 
of f ScrGraphics.oetFont (font) ; 



// setup off-screen image 

of fScrGraphics . setColor (bgcolor) ; 

offScrGraphics.fillRect(0, 0, d. width, d. height); 

off ScrGraphics. setColor (color) ; 

off ScrGraphics. setFont< font) ; 

if ((shiftCnt + fMetric. stringWidth (text) ) <- 0) 
shiftCnt - d. width; 
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// 3hift left & write message 
shiftCnt « shiftCnt - 5; 

of fScrGraphica. drawstring (text, shiftCnt, (int) (d. height * 0.65)); 
g.drawlmage (of fScrlraage, 0, 0, null); 
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* S<marconi.ras.>RASMgrApplet. java -v2 . 0 (prototype version), 1999/02/15 $ 

* ejdkl.2, -riK. 
*/ 

package marconi . ras ; 

import java . applet .* ; 
import java.awt.*; 
import java.util.*; 

impart java . net . URL; 

import java . rmi . server . *; 



* (aversion $Revision: 1.0 S 

* Gsee marconi. ras .MarconiServer 

* Ssince prototype vl.O 
*/ 

public class KASMgrApplet extend3 Applet 

implements RASManager, java . io . Serializable { 

// miscellaneious variables 
private static int width = 0; 
private static int height - 3; 
protected RAS rasServer - null; 
protected int MAX_CHANNELS - 0; 
protected static boolean!] channellDs; 

final static String obj_name = "marconi . ras . RASMgrApplet"; 

// tools 

RASDirectory directory = null; 
RASControls controls = null; 
ADControls ad_controls - null; 
RASMeasageBoard msgBoard = null; 

* Initialize the applet and setup display area. 
*/ 

public void init() { 
try { 

width = Integer. parselnt (getParameter ("APPLWIDTH") ) ; 
height - Integer. parselnt (getParameter ("APPLHEIGHT") ) ; 

// lookup HAS (MarconiServer) 
URL URLbase - getDocuraentBase () ; 

System. out .println (obj_name + ".init: locating RAS"); 

rasServer - (RAS) Naming. lookup <"//" + URLbase. getHost () + ":" 
+ getParameter ("RASPort") 
+ "/marconi. raa. MarconiServer") j 



// init variables 

MAX_C HANNE L S = MarconiServer . MAX_CHANNELS ; 

> 

catch (Exception e) { 
// fatal error 

System. err. println (obj_name + ".init: "); 
e . printStackTrace ( ) ; 
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channellDs - new boolean [MAX_CHANNELS] 
for (int i = 0; i < channellDa . length; i++) 
channellDs [i] = false; 



// draw display area 
setupDisplayO ; 



* Display the applet. 
V 

public void setupDisplayO ( 
Label label_l; 

setBackground (Color. lightGray) ; 

directory = new RASDirectory (this) ; 
controls = new RASControls (this) ,- 
ad_controls = new ADControls (this) ; 

msgBoard = new RASMessageBoard ( "initializing RAS..." 
GridBagLayout grid = new GridBagLayout!); 
GridBagConstraints cons = new GridBagConstrainta 0 ; 

// setup grid 

int rowHeightst] = {10, 200, 50, 200, 90V; 
grid.rowHeights ■ rowHeights; 
setLayout (grid) ; 

cons. fill = GridBagConstraints . BOTH; 
// label 1 

Font font = new Font ( "Arial" , Font. BOLD, 24); 
setFont (font) ; 

cons.gridwidth - GridBagConstrainta .REMAINDER; 
label_l = new Label ("- RAS manager -", Label . CENTER) 
grid.setConstraints <label_l, cons) ; 
label_l . setForeground (Color . black) ; 
add(label_l) ; 
validate () ; 

setFont (new Font ("Arial", Font. PLAIN, 14)); 
// add directory lists 

cons.gridwidth = GridBagConstraint s . REMAINDER; 

cons.weightx - 1.0; 

cona.gr idheight - 1; 

grid.setConstraints (directory, cons) ; 

add (directory) ; 

validate (); 

// add controls 

cons.gridwidth - GridBagConstraints . REMAINDER; 

cons.weightx - 1.0; 

cons.gridheight - 1; 

grid. setConstrainta (controls, cons) ; 

add (controls) ; 

validate 0 ; 

// add ad-insertion controls 

cons.gridwidth - GridBagConstraints . REMAINDER; 
cons.weightx - 1.0; 
cons.gridheight - 1; 

grid.setConstraints (ad_controls, cons) ; 

add(ad_controls) ; 

validated; 



106 



WO 00/79734 

RASHgrAppl.t.j.v* Th^yn !7 14:26:00 1999 

// add message scroller board 

cons.gridwidth - GridBagConstraints . REMAINDER; 

cons.weightx - 1.0; 

cons. weighty - 1.0; 

cons .gridheight = 1; 

grid. setConstraints (msgBoard, cons) ; 

add (msgBoard) ; 

validate 0 ; 

resize (width, height), - 



* Close down the server when closing applet. 
*/ 

public void destroy () ( 

if (rasserver != null) { 
try < 

rasServer. shutdown!) ; 
remove (directory) ; 
remove (msgBoard) ; 
remove (controls) ; 

> 

catch (RemoteException e) ( 
e.printStackTrace 0 ; 



* Register channel with the server. 

public boolean addChannel (int id. String ip) { 
boolean status - false; 

try { 

status - rasServer.registerChanneKid, ip) ; 

) 

catch (RemoteException e] { 
e.printStackTraceO ; 

} 

if (status) { 

channelIDs[id] - true; 
update_ctrls 0 ? 

} 

return status; 



* Remove channel froa* the server. 



status - rasServer . removeChannel (id) ; 

} 

catch (RemoteException e) I 
> 

if (status) { 

channelIDs[id] - false; 
update_ctrls () ; 
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* Update tools upon action taken. 
*/ 

private void update_ctr Is ( ) ( 

// controls. updatelDs 0 ; 

ad_controls.updateIDs () ; 



* Write various messages (error messages). 
*/ 

public void showMessage [String msg, boolean blink) { 
msgBoard.text = msg; 
msgBoard. blink - blink; 



* Return applet information. 
*/ 

public String getAppletlnfo 0 { 

return "RAS configuration/management tool"; 
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/* marconiNet - Internet Radio Network 

* Distributed Radio Antenna Server (RAS) : [RTSP Server Controller] 

* $<marconi.ras.>RTSPServerControl. java -v2 . 0 (prototype version), 199B/1/12 $ 

* ejdkl.2, ~riK. 
*/ 

package marconi.ras; 

import java.io.*; 
import java.net.*; 
import java.uti.1.*; 

/** 

* This class provides interfaces to manipulate the remote RTSPServer. 

* <P> 

« Sauthor -riK. 

* aversion SRevision: 1.0 S 

* Usee marconi.ras . MarconiServer 

* @since prototype 1.0 
*/ 

public class RTSPServerControl { 
/* 

* RTSPServer private info. 
*/ 

private final static String obj_name = "marconi . ras .RTSPServerControl" ; 
private final static int TOR_OFFSET - 0; 
private final static int M_OFFSET - 4; 

private final static int LM_OFFSET - 8; •» 
private final static int PATH_OFFSET - 12; ; , 



* The RTSPServer Host. 
*/ 

protected String hostname; 

* The RTSPServer port. 
*/ 

protected int port; 



/* 

* TCP-Client resources for communicating with the RTSPServer. 
*/ 

private Socket rtsp_sock - null; 

private Buf feredlnputStream rtsp_in - null; 

private Buf feredOutputStream rtap_out - null; 

1 * Type of request field value <code>start</code>. 
protected final static byte I0R_START - 1; 

f * Type of request field value <code>stop</code>. 
*/ 

protected final static byte TOR_STOP - 2; 

' '* Type of request field value <code>commercial</code>. 
*/ 

protected final static byte TOR_COMMERCIAL - 3; 
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* Returned status value <code>ok</code> . 
*/ 

protected final static byte STATUS_OK - 0; 

* Returned status value <code>error</code> . 
*/ 

protected final static byte STATU S_ERR = 1; 

* Returned status value <code>duplicate</code> . 
V 

protected final static byte STATUS_DUP = 2; 

* Returned status value <code>states full</code>. 
protected final static byte STATUS_FUL =■ 3; 

* The number of bytes returned by RTSPServer. 
*/ 

protected final static int RECEIPT_LEN = 1; 

* Creates an object that will interface with the RTSPServer. 
•/ 

public RTSPServerControl (String rtsp_h, int rtsp_p) { *» 
this .hostname - rtsp_h; !l 
this. port - rtsp_p; 
try < 

this.rtsp_sock - new Socket (rtsp_h, rtsp_p> ; 

this.rtsp_in = new BufferedInputStream<rtsp_sock.getInputStream<) ) ; 
this.rtsp_out - new Buf f eredOutputStream ( rtsp_sock .getOutputStreara( ) ) ; 

) . 

catch (IOException e) { 



* Signals the RTSPServer to start a new thread to support the specified channel. 

* (jparara g_maddr global multicast address. 

* Gparam l_maddr local multicast address. 

* Greturn byte representing the status returned from RTSPServer. 
V 

public byte startChannel (InetAddress global_addr, InetAddress local_addr) { 
byte[] requestPJtt; 
byte[] receiptPkt; 
int n - 0; 

// compose outgoing packet & send 
requestPkt - encode (TOR_START, 

global_addr. getAddress 0 , 

local_addr . getAddress ( ) / 

null); 

try < 

rtsp_out. write (requestPkt, 0, requestPkt. length) ; 

catch (IOException e) { 

System. err. println (obj_narae + ".startChannel: " + e.getMessage () ) ; 
e .print StackTrace < ) ; 



110 



WO 00/79734 PCT/US00/16913 
M3PS«rv«xControl. j»va ^Thu JMn 17 1«:26:19 1999 

// read the s 
receiptPkt » 

trY n = r t3p_in. read (receiptPkt, 0, RECEIPT_LEN) ; 
> 

catch (lOException e) < 

Sy stem. err. print In (ob j_name t " . startChannel : " + e.getMessage ()) ; 
e . printStackTrace ( ) ; 

) 

if (n < RECEIPT_LEN) { 

System. err . print In (cbj_name + " . startChannel : returned byte is ccrr 
return (STATUS_ERR) ; 



« signals the RTSPServer to stop the specified channel. 

* @param l_maddr local multicast address. 

» ereturn byte representing the statu3 returned from RTSPServer. 

*/ 

public byte stopChannel I InetAddress local_addr) ( 
bytetl requestPkt; 
byte[] receiptPkt; 

// compose outgoing packet S send 

requestPkt = encode <TOR_STOP, null, local_addr . getAddress () , null); 
rtsp_out. write (requestPkt, 0, requestPkt . length) ; 

} 

catch ( lOException e) { ... 
System. err. println (obj_name + ".stopChannel: " + e.getMessage ()) ; 
e . printStackTrace ( ) ; 

> 

// read the status returned by RTSPServer 
receiptPkt - new byte [RECEIPT_LEN] ; 
try ( 

n = rtsp_in. read (receiptPkt. 0, RECEIPT_L£N) ; 

catch (lOException e) { 

System. err. println (obj_name + ".stopChannel: " + e.getMessage <)) ; 
e . printStackTrace ( ) ; 

) 

if (n < RECEIPT_LEN) { 

System. err. println (obj_name + ".stopChannel: returned byte is corrupted. ) ; 
return ( STATOS_ERR) ; 



return (receiptPkt [0] ) ; 



* Signals the RTSPServer to play the given commercial. 

* Gparam l_maddr local multicast address. 

* eparam path commercial file path. 

* 8returr byte representing the status returned from RTSPServer. 
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*/ 

public byte playCommercial ( InetAddress local_addr. String path) { 
byte[] requeatPkt; 
fcytetl receiptPkt; 
int n = 0; 

// compose outgoing packet & send 

requestPkt = encode (TOR_COMMERCIAL, null, local_addr . getAddress ( ) , path) ; 
try < 

rtsp_out .write (requestPkt, 0, requestPkt . length) ; 

) 

catch (IOException e) ( 

System, err. println (ob j_name +• " .pLayCommerciai : " +• e . getMessage ( ) ) ; 
e.printStackTrace () ; 

// read the status returned by RTSPServer 
receiptPkt = new byte [RECEIPT_LEN] ; 
try ( 

n = rtsp_in. read (receiptPkt, 0, RECEIPT_LEN) ; 

> 

catch (IOException e) { 

System. err .println (obj_name 

+ " .playCoramercial: " + e.getMessageO ) ; 
e.printStackTrace () ; 

> 

if (n < RECEIPT_LEN) ( 

System, err. println (obj_najne 

+ " .playCommerical : returned byte ia corrupted.") ; t * 
return (STATUS_ERR) ; r r 



(receiptPkt [0] ) ; 



* Encodes the input parameters into a TCP packet. 

* Gparam tor type of request. 

* Gparam m_addr global multicast address for a station. 

* Gparam lm_addr local multicast address for a station. 

* Gparam path commercial file. 

* G return the encoded byte array buffer. 
V 

3tatic byte[] encode (int tor, byte[] m_addr, byte[] lm_addr, String path) ( 
int path_len - (toe — TOR_COMMERCIAL) ? path. length <) : 0; 
byte(] buffer - new byte [PATH_OFFSET + 

((tor — TOR_COMMERCIAL) ? path_len : 1) ] ; 

// type of request 

buffer [TOR_OFFSET + 0] - (byte) ((tor « 16) »> 24); 
buffer [TOIL.OFFSET + 1] - (byte) ((tor « 24) >» 24); 

// path length 

buffer [TOR_OFFSET + 2] - (byte) ( (path_len « 16) »> 24); 
buffer [TOR_OFFSET + 3] - (byte) ( <path_len « 24) »> 24); 

// M: global multicast address 
if (tor — 1) { 

System. arraycopy (m_addr, 0, buffer, H_OFFSET, m_addr. length) ; 

} 

// LM: local multicast address 
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System. arraycopy <lm_addr, 0, buffer, LM_OFFSET, lm_a( 

// commercial file path... 
if (tor -= 3> { 

byte I] pathbuf » path . getBytes ( ) ; 

for (int i - 0; i < pathbuf .length; { 
buffer [12 + ij - pathbuf [i]; 



* Decode the status value. 

V 

public static String decodeStatus (byte status) { 
switch (status) { 
case 0: return "OK"; 
case 1: return "ERROR"; 
case 2: return "DUPLICATE"; 
case 3: return "STATES_FULL" ; 
default: return "UNKNOWN_STATUS=" + status; 
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/* marconiNet - Internet Radio Network 

* Distributed Internet Radio Server (DIRS) : (LAS interface] 

* $<marconi.5LAS. java -vl . 0 (prototype version), 98/8/19. 

* @jdkl.2, -riK. 
*/ 

package marconi . ras; 



:tends Remote { 



: uploadConunercial (byte ( ] file) 
l RemoteException; 



public Vector reviewTirneSlot 
throws RemoteException; 



■ Tell the ad server to reserve a slot 



public boolean buyCommercialTime (int channel, String ad_id) 
throws RemoteException; 
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/* marconiNet - Internet RadK Network 

* Distributed Radio Antenna Server (RAS) : [RAS Implementation] 

* 5<marconi.ras.:>MarconiServer. java -v3 . 0 (prototype version), 1998/12/22 S 

* ejdkl.2, -riK. 
"I 

package marconi . ras; 

import java.rmi.*; 

import java.i 

import java.i 

import java.r 

import java.uti.1. *; 

import java.io.*; 

import marconi . util . *; 

* The <code>MarconiServer</code> class implements the interfaces <code>RAS</code> 

* (radio antenna server) and <ccde>LAS</code> (local advertisement server). 

* As a RAS, it should manage a particular set of multicast channels that are 

* active and allow the IRCs (internet radio clients) to be able to tune to 

* each channel. The LAS server provides an API-like interface to the advertising 

* companies. It also maintains a local database to store the commercials. 

* <p> 

* Sauthor -riK. 

* aversion SRevision: 1.0 S 

* Ssee marconi. ras. Channel 

* gsince prototype 1.0 
*/ 

public class MarconiServer extends UnicastRemoteOb ject 

implements RAS, Runnable { // this version does not implement LAS yet... 

/* 

* Radio Antenna Server local id 

final String name = "marconiNet: RAS, the radio antenna server /MarconiServer"; 
final static String obj_name - "marconi . ras .MarconiServer"; 
private String hostname - null; 

* The hard-coded port number for local RMI registry. 
*/ 

public final static int RMI_POFT - 5678; 

* The multicast address used for global announcement of CDP packets. 
V 

public final static String GLOBAl_CAP - "225.3.0.0"; 

^ * The multicast address used for local announcement of CDP packets, 
public final static String LOCAL_CAP - "225.3.0.1"; 

^* The port used for channel announcement protocol (CAP). 
*/ 

public final static int CAP_PORT - 7777; 

1 " The port used for multicast communication between RSC and RASs . 
*/ 

public final static int RSC_PORT - 8910; 
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* The port used for multicast communication between RAS and IRCs . 
*/ 

public final static int IRC_PORT - 8910; 

* The default TCP port used for communicating with the RTSPServer. 
*/ 

pubLic final static int RTSP_PORT = 8765; 

* The ttl used for multicast from RSC to RASs . 
*/ 

pubLic final static int GL0BA1_TTL = 128; 
/** 

* The ttl used for multicast from RAS to IRCs . 
*/ 

public final static int L0CAL_TTL = 16; 



public final static int MAX_CHANNELS =20; 

* The maximum media content payload length in bytes (=RTP payload length) . 
*/ 

public final static int MAX_PAYLOADLEN - 4096; 
/** 

* The maximum RTP header length. 
*/ 

public final static int MAX_RTP HDRLEM =20; 



private volatile Thread directoryThread - null; 
/** 

* This thread announces the channel descriptions to the local listeners. 
*/ 

private volatile Thread announcerThread • null; 

* This thread is started along with the <code>directoryThread</code>. It is 

* used to generate the advertisement schedule. 
*/ 

private volatile Thread advert iseThread - null; 
/** 

* RAS channel registry / database. 
*/ 

private Channel [] channelRegistry - null; 
/** 

* Station multicast address (CDP) to channel ID mapping. 
*/ 

private Hashtable chanr.elMapper = null; 

private final static Integer NONSUPPORTED - new Integer (-1); 
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* Channel Announcement Protocol Cache, 
private Hashtable capCache = null; 

* The RTSEServer remote controller, 
private RTSPServerControl rtspServer = null; 
/** 

* The local multicast address dispenser (one 
•/ 

private MaddrDi spenser l_raaddrRegistry = null; 

* The local multicast address for local station's 
private InetAddress l_raaddr_local = null; 

* The local station's channel id. 
*/ 

public final static String LCCALSTA - "LOCAL"; 



* The files containing local station's program 
•/ 

private final static String LOCALSTA_CDP - "_localcdp"; 
private final static String LOCALS TA_S CHED - "_local3ched" ; 

' * Time interval between each Marconi process (30 seconds) . 
private. final static long INTERVAL = 10000; // reduced for demo 

* Channel Announcement Protocol (CAP) resources. 
*/ 

private MulticastSocket cap_receiver = null; 
private MulticastSocket cap_sender - null; 
private boolean S0CKET1_IN_USE - false; 
private boolean SOCKET2_IN_USE - false; 

/** 

* The RSA public key. 
*/ 

private byte[] publicKey - { (byte) 0x0}; 

* The RSA private key. 
*/ 

private bytetl privateKey - ((byte) 0x0); 

' ' * Instantiate the MarconiServer of RAS (radio antenna server) with its 

* default settings. It also establishes a connection to the RTSPServer. 

public MarconiServer (String rtsp_h, int rtsp_p) throws RemoteException { 
try ( 

// initialzie 

hostname - InetAddress .getLocalHost 0 .getHostName () ; 
rtspServer - new RTSPServerControl (rtsp_h, rtsp_p) ; 
channelRegistry - new Channel [MAX_CHANNELS) ; 
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channelMap^r = new HashtableO; 
capCache = new HashtableO; 
cap_sender - new MulticastSocket () ; 
cap_receiver - new MulticastSocket (CAP _P0RT) ; 
l_maddrRegistry = new MaddrDispenser ( ) ; 
l_maddr_local = l_maddrRegistry . next ( ) ; 

// join CAP multicast group 

cap_receiver . joinGroup (InetAddress . getByName (GLOBAL_CAP) ) 
catch (Exception e) { 



i channel slot. These slots are indexed through 

* Gparam c the channel id. 

* Gparam ma global multicast address used for station broadcast. 

* Greturn true if the station/channel is successfully registered and false 

*/ 

public synchronized boolean registerChannel (int c, String ma) 
throws RemoteException ( 

If if channel is not already taken and its updated cache exists 
if (channelRegistry [c] ~ null SS capCache . containsKey (ma) ) I 

// add new channel 1 
channelMapper.put (m< 
try 1 

InetAddress l_maddr - l_maddr Registry. next (> ; 
channelRegistry [c] - new Channel (c, l_maddr) ; 

) 

e) < 



// initialize channel from the cache 

channelRegistry [c] . read_cdp ( (CDPPacket) capCache .get (mi 
channelRegistry [c] . init (publicKey, privateKey) ; 



// remove new channel from the global cache 
//capCache . remove (ma) ; 



return true; 

} 



// if channel in use 

else ( 

System. err. println (obj_name + 

".register .Channel: cannot create channel-" + < 

return false; 

) 



' Removes a channel from the database. 

' Gparam c the channel id to be removed. 
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* eretucn true if the 3tation/channel is successfully 

public synchronized boolean removeChannel (int c) 
throws RemoteException ( 
//if the channel exists 
if (channelRegistry [c] ! = null) { 

II stop the channel thread and free resource 
if (channelRegistry [c] .isOnlineO ) K 
channelRegistry [c] .destroy!) ; 

l_maddrRegistry. remove (channelRegistry lc] .l_maddr) ; 

// remove channel from database 

channelMapper .put (channelRegistry [c] .g_maddr .getHostAddress < ) , 

NONSUPPORTED) ; 
channelRegistry [c] = null; 

System. out .println (obj_name +■ " . removeChannel : removed channel-" + c) ; 
return true; 

> 

// if the channel doesn't exist 

else ( 

System. err. println <obj_name + 

". remove. Channel : cannot remove channel-" * c) ; 

return false; 



* Sdeprecated replace by RTCP signaling. 

* This class does not actually implement the audio playing mechanism. It 

* Return the status of this request. This method is merely used as means 

* of finding out who's listening to what. The next version should replace 

* this module with a more scalable approach such as by utilizing the 

* RTCP signals. Currently, this RMI request is also being used to trigger 

* the actual broadcasting. If the requested channel is broadcasting 

* already, nothing else is done. If not, the MarconiServer initiates the 

* broadcasting procedures (i.e. start listening to the global multicast 

* address and redirecting the stream locally) . 

* Gparajn 



// if channel exists 

if (channelRegistry Id !- null) { 

//if channel not already started, signal RTSPServer to start it 
channelRegistry [c] .HIT_C0UNT++; 
if ( ! channelRegistry [c] .isOnlineO ) { 
try { 

channelRegistry [c] .start <) ; 

System. out .println (obj_name + " .playChannel: channel-" + i 
+ " started.") ; 

} 

// catch TooManyChannelThreadsException 
// & illegalThreadStateException 
catch (Exception e) < 

System. err. println (obj_name + 
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".playChannel: _ 



i of the channel 



cannot play channel- 1 



* Stops all broadcasting channels and terminates this RAS. 
*/ 

public void shutdown () throws RemoteException ( 
synchronized (channelRegistry) ( 

for (int i = 0; i < MAX_CHANNELS ; i++) ( 
if <channelRegistry[i] !- null) { 
removeChannel (i) ; 

} 



* Starts the MarconiServer. 
*/ 

public void start O < 

directoryThread - new Thread (this) ; 
directoryThread. start ( ) ; 
announcerThread - new Thread (this) ; 
announcerThread. start 0 ; 
advertiseThread - new Thread (this) ; 
advert iseThread. start 0 ; 

} 



* Stops the MarconiServer. 

public void stopO ( 

directoryThread - null; 
announcerThread - null; 
advertiseThread - null; 

/'/ release sockets and leave 
try < 



cap_receiver .leaveGroup (InetAddress .getByName (GLOBAI^_CAP) ) ; 
cap_receiver .close () ; 
cap_sender . close ( ) ; 
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* Sreturn an array of channel statistics. The array size is the 

* <code>MAX_CHANNELS</code>. There maybe <code>null</code> 

* array for the channel slots that are not supported. 
*/ 

public ChannelStatistics [] getStatistics <) ) 

ChannelStatisticsd stats = new ChannelStatistics (MAX_CHANNELS) ; 
synchronized (channelRegi3try) { 

far (int i = 0; i < MAX_CHANNELS; i++) < 
if (channelRegistry [i] != null) ( 

statsli] = channelRegistry (i) .audit 0 ; 

> 



* Adds commercial list. 

* Gparam ad_list an array of <code>String</code>s that refers to the 

* commercial filenames. 

* Sreturn whether the request was successful. 
*/ 

public boolean submitCommercialList (String [ ] ad_list) ( 
try < 

for (int i = 0; i < ad_list . length; i++) { 

StringTokenizer st = new StringTokenizer <ad_list [i] ) ; 
int id » Integer. parselnt (at. nextTokenO ) ; 
channelRegi3try[id] .addCommercial (st.nextToken () ) ; 

} 

for (int i = 0; i < MAX^CHANNELS; i++) ( 
if (channelRegistry [i] 1- null) { 

channelRegistry ji] .genCommercialFile () ? 



catch (Exception e) { 

System. err .println (ot 

".submitCommercialList: illegal list format"); 

i false; 



* This <code>run</code> method starts the 
*/ 

public void run() 1 

// cache update hour 

long hour - System. currentTimaMi His () ; 
/* 

* Global directory thread running. 
*/ 

while (Thread. current Thread 0 — directoryihread) { 
/• 

* Receive CDP packets and maintain channel database. 
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SOCKET 1_in_use - true; 
try ( 

DatagramPacket recv_pKt = CDPPacket . compose () ; 
cap_recei ver . receive ( recv_pkt) ; 
CDPPacket cdp = new CDPPacket <recv_pkt ) ; 

synchronized (channelRegistry) { 

/ / create new mapping 

if < IchannelMapper. containsKey (cdp.MADDR) ) ( 

channelMapper.put (cdp.MADDR, NONSUPPORTED) ; 

» 

// update announcement appropriately 
Integer Id = (Integer) channelMapper .get (cdp.MADDR) ; 
if ( Id. equals (NONSUPPORTED) ) ( 
capCache. put (cdp.MADDR, cdp); 
System. out. println (obj_name + ".run: new cdp cached for " + cdp.MADDR); 
> 

else < 

channelRegistry [Id. intValue () ] . read_cdp (cdp) ; 
System. out. println (ob j_name + ".run: local channel's cdp cache refreshed"); 



S0CKET1_IN_USB - false; 

// time to refresh cache (daily) 
long current_hour = System. currentTimeMillis () ; 
if (current_hour > hour + Timestamp.DAY) { 
:. println (obj_nanie + ".run: routine -refresh local cache"); 

refresh_cache() ; 

hour +- Time st amp. DAY; 



* Interval b/w each loop for receiving global channel directory. 
*/ 

if (! Thread. interrupted ()) ( 
try < 

i. out. println (obj_name f ".run: - ")i 

Thread .sleep ( INTERVAL) ; 

> 

catch (InterruptedException e) { 



* Local Directory thread running. 
«/ 

while (Thread. currentThreadO =- announcerThread) { 



* For each installed local channel send out announcements. 
*/ 

for (int i - 0; i < MAX_CHANNELS ss announcerThread !- null; i++) { 
if (channelRegistry [i] =- null) { 
continue; 

> 
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CDFPacket cdp - channelRegistry [i] .writ 

DatagramPacket 7end_pkt = local_cdp .compose (LOCAL_CAP, CAP_PORT) ; 
try < 

cap_sender.send(send_pkt, (byte) LOCAL_TTL) ; 

catch (lOException e) { 

Sy stem. out .print In <obj_name + ".run: "); 
e . pr intStackTrace ( ) ; 

} 

/J sleep between every announcement (do not flo 
try < 

Thread. sleep(5000) ; 

catch ( Inter ruptedException e) < 



ice local track programming. 
(announcerThread != null) < 



ler.send(3end_pkt, (byte) LOCAL_TTL) ; 



catch (Exception e) [ 

System. out . print In (obj_i 
e.printStackTraceO ; 



* Interval b/w each loop for sending local channel directory. 

if ( ! Thread. interrupted {) ) { 
try < 

Thread. sleep (INTERVAL) ; 
catch (InterruptedException e) { 



* Advertise thread running. 

while (Thread. cur rent Thread () — advert iseThread) ( 

^Dump each channel's commercial queue (list of commercials to play) 

* to a file so that it can be used by the laip (local advertisement 

* insertion protocol) . 

for (int i - Of i < MAX_CHANNELS ; i++) { 
if (channelRegistry [i] !- null) { 

channelRegistry [i] .genCommercialFile 0 ; 



* interval b/w each loop for generating commercial files. 
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if ( ! Thread. interrupted 0 ) { 
try { 

Thread. sleep (Timestamp. DAY / 4); 

} 

catch (InterruptedExcepti.cn e) ( 



//Thread.yieldl) ; 



* Removes old cache entries. 
*/ 

private void ref resh_cache ( ) { 

long current_hour = System. currentTimeMillis () ; 

synchronized (capCache) ( 

Enumeration capList = capCache . elements 0 ; 
while (capList . hasMoreElementa ( ) ) I 

CDPPacket cdp - (CDPPacket) capList .nextElement ( ) ; 
if (current_hour > cdp . timeStamp t CDPPacket . TIL) ( 
capCache. remove (cdp. MADDR) ; 



* Provides local and global cache of channel announcements for f : 

* immediate download (instead of waiting for the periodic announcement) . 

* Gparam local <code>true</code> if requesting for a local announcement download. 

* Greturn list of channel descriptions (CDPPackets) in <code>Vector</code> . 

* Gsee marconi.util. CDPPacket 
*/ 

public vector downloadCAP (boolean local) throws RemoteException ( 

!/ return local announcements 
if (local) { 

synchronized (channelRegistry) { 

Vector cdp_list - new Vector!) ; 



for (int i - 0; i < MAX_CHANNELS ; i++) { 
if (charmelRegistry [i] !■ null) { 

CDPPacket cdp - charnelRegistry (i) .write_cdp 0 ; 
cdp_list.addElement (cdp) ; 



return cdp_list; 



Vector vec - new Vector!); 
Enumeration enum » capCache . elements <) ; 
while (enure. hasMoreElements () ) ( 

vec.addElement (enum. nextElement 0 ) ; 

) 

return vec; 



// return global announcements 
else { 

synchronized (capCache) { 



> 



> 



> 
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/ " Creates a CDP announcement for the local station track. 

* (Jreturn a channel description of the local track. 

* 8see niarconi.util.CDPPacket 

private CDPPacket write_cdp() throws AnnouncementException ( 
CDPPacket cdp - null; 
BufferedReader fin =■ null; 
String schedule = ""; 

cdp = new CDPPacket (LOCALSTA_CDP); 

fin = new Buff eredReader (new FileReader <LOCALSTA_SCHED) ) ; 

catch (Exception e) ( 

throw new AnnouncementException 

(obj_name + " -write_cdp : the local schedule file cannot be opened. ); 

while (fin != null) { 

String line = null; 
try ( 

if (dine = f in . readLine ( ) ) — null) { 



if (line. length)) > 0) { 
String program - ""; 

StringTokenizer st = new StringTokenizer (line) ; 
Calendar cal - Calendar. getlnstanceO ; 

try { 

for (int i ■ 0; i < 2; < 

cal . set (Calendar . DAY_OF_WEEK, Integer .parselnt (st . nextToken < ) ) ) ; 
cal . set (Calendar . HOUK-OF_day, Integer .parselnt (at . nextToken ( ) ) ) ; 
cal . set (Calendar . MINUTE, Integer . parselnt (st .nextToken ( ) ) ) ; 
cal. set (Calendar. SECOND, integer .parselnt (st .nextToken ( ) ) ) ; 
program +- String. valueOf (cal . getTime 0 . getTirae 0 ) + "I"; 

) ? : + program; 

catch (Exception e> { 

throw new AnnouncementException 

<obj_narae + " . write_cdp : invalid local schedule file.*); 



cdp. id - LOCALSTAf 

cdp. date = Timestamp.get_midnight () ; 

cdp.MADDR =» this.l_maddr_local.getHostAddre3a O ; 

cdp.MEORT - this . IRC_PORT; 

cdp.MTTL - this . LOCAL_TTL; 

cdp. schedule - schedule; 

return cdp; 
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* The main method executes the server 3etup proce 

public static void main (String argstl) throws RemoteException { 

!/ check arguments (rtsp server) 
if (args. length != 2) { 

System. err. println < "usage : \n" 

+ "MarconiServer <RTSP hostname> <RTSP port>") ; 

System. exit (-1) ; 

} 

System. setErr (System. out) ; 

// install a security manager 

System. setSecurityManager (new RMISecurityManager ( ) ) ; 

// setup and start the server on local host 
try ( 

LocateRegistry.createRegistry (RMl_PORT) ; 

MarconiServer marconiServer = new MarconiServer (args [0] , 

Integer. parse Int (args [1] ) ) ; 
Naming. rebindCV/: " + RMI_PORT + V" + obj_name, marconiServer); 
System. out .println (marconiServer . hostname 

+ " bound in registry at port " +■ RMI_PORT) ; 

) 

catch (Exception e) ( 

System. err. println (obj_name + ".main: " + e .getMesaage O ) ; 
e.printStackTrace 0 ; 
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1 




(RAS ) 



[IRC GUI Controls] 



irc.>IRCControls . java -v2 . 0 (prototype version), 1999/02/15 S 



package marconi.irc; 

import java.awt.*; 
import java.awt. event.*; 
import java.util.*; 
import java.net. 1 "; 
import java.io.*; 



* This paneL contains user interfaces to the applet. 
V 

public class IRCControls extends Panel ( 
public static TextField entry_l; 
private static int WIDTH = S00; 
private static int HEIGHT - 100; 



* instantiates the control panel. 
V 

public IRCControls 0 i 



GridBagLayout grid = new GridBagLayout () ; 
GridBagConstraints cons - new GridBagConstraints)); 
setLayout (grid) ; 

cons. fill - GridBagConstraints. NONE; 
cons.weightx » 0.0; 

// selected station (id + name) 

entry_l - new TextField<40) ; 

grid.setConstraints (entry_l, cons) ; 

entry_l .set Foreground ( Color. yellow. darker ( ) ) ; 

entry_l.setBackground (Color. blue. darker () .darker () ) ; 

add(entry_l) ; 

validate 0; 



* S<marconi.irc.: 

* @jdkl.2, -riK. 



// resize 

setSize (WIDTH, HEIGHT); 
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narconiNet - Internet Rad?o Network 

Jiatributed Radio Antenna Server (RAS) : [IRC Directory Controls] 

* S<marconi'.ras.>IRCDirectory. jawa -v2 . 0 (prototype version), 1999/04/20 $ 

* ejdkl.2, -riK. 

package raarconi.irc; 

import java.awt.*; 
import java . awt . event . *; 
import java.util.Hashtable; 
import java.net.*; 

import marconi . ras . MarconiServer; 
import marconi. util . CDPPacket; 

/** 

* This panel contains user interfaces to the applet. 
"/ 

public class iRCDirectory extends Panel 
implements Runnable { 

/ * This thread updates the announcements for the locally supported channels. 
*/ 

private Thread updatelhread - null; 
private static long L_UPDATE - 7500; 

public static IRCUsrApplet owner; ,* 
public static Label label_l; ,« 
public static List directoryList_l; 
private static int WIDTH - 600; 
private static int HEIGHT - 400; 

/** 

* Instantiates the directory display panel. 
*/' 

public IRCDirectory (IRCUsrApplet main) { 
owner = main; 

GridBaglayout grid - new GridBagLayout ( ) ; 
GridBagConstraints cons - new GridBagConstraints () ; 
setLayout (grid) ; 

cons. fill - GridBagConstraints. NONE; 
cons .weightx - 1.0; 

// label 1 
cons.weightx » 1.0; 

cons . gridwidth - GridBagConstraints .REMAINDER; 
label_l - new Lab«l(); 

label_l . setText ( "Local Channel Directory"); 
grid. setConatrainta (label_l, cons) ; 
label_l . setForeground (Color .white) ; 
add(label_l); 
validate () ; 

// list 1 - global 

cons. gridwidth - GridBagConstraints. REMAINDER; 
directoryList_l - new List (20, false); 

directoryList_l.addActionListener (IRCActionHandler.listControl) ; 
grid.setConstrainta (directoryList_l, cons) ; 
directoryList_l. setForeground (Color. yellow. brighter () ) ; 
directoryList_l.setBackground (Color. darkGray) ; 
add(directoryList_l) ; 
validate (); 
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// resize 

aetSize (WIDTH, HEIGHT); 
start ( ) ; 



* Starts the directory update. 
V 

public void start () { 

updateThread = new Thread (this) ; 
updateThread. start <) ; 



* The run methods for the two threads, 
public void run() < 

// local directory 

while (Thread. currentThread ( ) -= updateThread) ( 
try ( 

Thread. sleep (L_UPDATE) ; 

Hashtable cdp_lookup = owner .getCache 0 ; 



if (directoryList_l .getltemCount () > 0) < 
directory List_l . removeAll ( ) ; 

} 

for (int i = 0; i < owner .MAX_CHANNELS; i+-t-> I 
String Id = String. valueOf (i) ; 
if (cdp_lookup.containsKey(Id) ) < 

CDPPacket cdp - (CDPPacket) cdp_lookup . get (Id) ; 
directoryList_l.add(cdp.id + " " + cdp. name, 

integer. parselnt (cdp. id) ) ; 

) 

else ( 

directoryList_l . add ( Id) ; 



if (cdp_lookup.containsKey (MarconiServer .LOCALSTA) ) { 

CDPPacket cdp - (CDPPacket) cdp_lookup. get (MarconiServer .LOCAiSTA) , ■ 
directoryList_l. add (cdp. name) ; 



catch (Exception e) { 

System. err .print In ( "marconi . ire . iRCDirectory . run : ") ; 
e .printStackTrace ( ) ; 



) 



> 



} 
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:oniNet - Internet Rac 
[ributed Radio Antenn; 



Neti 




(RAS) 



[IRC User Applet] 



* 5<n,arconi.irc.>IRCUsrApplet. java -v2 . 0 (prototype version), 1999/04/20 $ 

* 3jdkl.2, ~riK. 
*/ 

package marconi . ire; 

import java .applet . *; 

import java.awt.*; 

import java. util.*; 

import java.net.*; 

//import java.rmi.*; 

//import java. rmi. server.*; 

import marconi. util . *; 

import marconi. util. rtsp- IRC; 

import marconi. ras. RAS; 

import marconi. ras. MarconiServer; 



* This applet is used by an IRC user. 

* @author -riK. 

« (aversion SRevision: 1.0 5 

* @see marconi. ras .MarconiServer 

* 83ince prototype vl.O 
*/ 

public class IRCUsrApplet extends Applet 

implements java. io . Serializable, Runnable { 



* Session Announcement Protocol (SAP) resources. 

* Interfaced via. Channel Directory/Description Protocol (CDP) . 

private MulticaatSocket cap_receiver - null; 
protected Hashtable capCache - null; 



* This thread updates the announcements for the locally supported channels. 
V 

private Thread directoryThread - null; 
private static long L_UPDATE - 10000; 

// miscellaneous variables 
private static int width » 0? 
private static int height - 0; 
//protected RAS rasServer - null; 
protected int MAX—CHANNELS - 20; 

final static String obj_narae - "marconi. ras. IRCUsrApplet "; 
// tools 

IRCDi rectory directory - null; 
IRCControls controls - null; 
IRC listener - null; 



* Initialize the applet and setup display area. 
*/ 

public void initO ( 



try < 



width - Integer, parse Int (getParameter ("APPLWIDTH") } ; 
height - Integer. parselnt (getParameter ("APPLHEIGHT") ) ; 



// lookup RAS (MarconiServer) 
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//URL URLbase - getDocumentBase ( ) ; 



t: locating server"); 
" t getParameter ("RASHost") 
':" + getParameter ("RASPort' 
/marconi . ras .MarconiServer ' 



// init variables 

//MAX_CHANNELS = rasServer . getMaxChann* 
capCache - new HaahtableO; 

:ch (Exception e) ( 
// fatal error 

System. err. println (ob j_name + ".init: 1 
e.printStackTrace 0 ; 



// join CAP multicast group 
try { 

cap_recei\ 

> P_ 
catch (Exception e) ) 

System. out. print In (obj_name h 

e.printStackTrace 0 ; 



// start 

listener - new IRCO; 
directoryThread =■ new Thread (thi; 
directoryThread . start ( ) ; 



* Display the applet. 
*/ 

public void setupDisplay () { 

setBackground (Color .black) ; 

directory - new IRCDirectory (this) ; 
controls - new IRCControls ( > ; 
GridBagLayout grid - new GridBagLayout ( ) ; 
GridBagConstrainta cons - new GridBagConstraint! 

// setup grid 

int rowHeightsU - {400, 100 > ; 
grid.rowHeights - rowHeights; 
setLayout<grid) ; 

cons. fill - GridBagConstrainta. BOTH; 
// add directory lists 

cons.gridwidth - GridBagConstrainta. REMAINDER; 
cons.weightx ■ 1.0; 
cons.gridheight - 1; 

grid. setConstraints (directory, cons) ; 
add (directory) ; 
validate 0; 

// add controls 

cons.gridwidth - GridBagConstraints. REMAINDER; 
cons.weightx - 1.0; 
cons.gridheight - 1; 
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size (width, height); 



Free resources when closing applet. 

ilic void destroy 0 ( 
// release sockets and leave announcement group 
try ( 

cap_receiver . leaveGrcup (InetAddress . getByName (MarconiServer . LOCAL_CAP) ) ; 
cap_receiver . close ( ) ; 

) 



» Run method. 
V 

public void run() { 

// cache update hour 

long hour = System. currentTimeMillis () ; 
/* 

* Global directory thread running. 
*/ 

while (Thread. cur rent Thread () — directoryThread) ( 
/* 

* Receive CDP packets and maintain channel database. 
*/ 

try { 

DatagramPacket recv_pkt - CDPPacket. compose () ; 
cap_receiver. receive <recv_pkt) ; 

CDPPacket cdp - new CDPPacket ( recv_pkt ) ; 

System. out .print In (ob j_narae + ".run: cdp parsed"); 

// update announcement appropriately 
if ( IcapCache.containsKey (cdp. id) ) { 
capCache . put (cdp . id, cdp ) ; 

System. out. println (obj_name + ".run: new cdp cached for channel-' 
+ cdp . id) ; 

) 

catch (Exception e) { 
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e . printStackTrace ( ) ; 



// time to refresh cache (daily) 

long current_hour = System . currentTimeMill 

if (current_hour > hour t Timestamp . DAY) { 

System, out . println (ob}_name +• " . ru 

refresh_cachel) ; 

hour +=» Timestamp. DAY; 

} 



srval b/w each loop for receiving local channel directory. 



catch ( InterruptedExcepti( 



' Removes old cache entries. 

'/ 

rotected void ref resh_cache ( ) { 

long current_hour = System. currentTimeMillia () ; 

synchronized (capCache) { 

Enumeration capList = capCache . elements () ; 
while (capList.hasMoreElementsO ) ( 

CDPPacket cdp - (CDPPacket) capList .nextElement () ; 
if (current_hour > cdp.timeStamp + CDPPacket. TTL) 
capCache. remove (cdp. id) ; 

) 

) 



' inform server that the specified channel is being listen to. This 
' RMI based triggering is very inefficient and not scalable. So 
■ alternate approach based on RTCP should replace this. 



if (capCache. containsKey (String. valueOf (id) ) ) { 

CDPPacket cdp - (CDPPacket) capCache .get (String. valueOf (id) ) ; 
try < 

// kill previous thread if running 

listener. stop () ; 

/* 

* The below statement is commented out because the listener 

* is now capable of sending RTCP signals for triggering. 



status - rasServer .playChahnel (id) ; 



catch (Exception e) { 

e. printStackTrace () ; 
return false; 
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Stops listening to whatever is playing. 



public void stopChannel () 
listener. stopO J 



* Returns the current state of the local channel announcement cache. 

protected synchronized Hashtable getCacheO ( 
return capCache; 



* Return applet informatic 
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/* marconiNet - Internet Radio Network 

* Distributed Radio Antenna Server (RAS) : [IRC Action Handler] 

* $< raa rconi.irc.>IRCActionHandler. java -v2 . 0 (prototype version), 1999/04/21 : 

* 8jdkl.2, -riK. 
V 

package marconi . ire; 

import java.awt.*; 
import java.awt. event.*; 
import java .util . * ! 
import java.io.*; 

* This class handles actions taken by IRC user. 
V 

public class IRCActionHandler { 

public static ActionListener ListControl = new ActicnListener ( ) { 
public void actionPerformed(ActionEvent e) { 
IRCControls.entry_l .setText 

(IRCDirectory .directoryList_l. get Item 
(IRCDirectory.directoryLi3t_l.getSelectedIndex() ) ) ; 
String textfield = IRCControls . entry_l .getlext ( ) ; 
StringTokenizer dir - new StringTokenizer (textf ield, " "); 
int id = Integer. parselnt (dir. nextToken () ) ; 
if (IRCDirectory .owner. playChannel (id) ) ( 

System. out . print In < "marconi . ire . IRCActionHandler" *■ 

" .actionPerformed: playing channel " 
+ id + -."); 

} 

else ( 

IRCDirectory. owner. stopChannel () ; 

System. err . print In ("marconi . ire . IRCActionHandler " + 

".actionPerformed: error listening."); 
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/* mareoniNet - Internet Radio Network 

* Distributed Radio Antenna Server (RAS) : [CDP Announcer] 

* $<marconi.ras.>Announcer . java -v2 . 0 (prototype version), 1999/04/12 $ 

* 8jdkl.2, -riK. 
V 

package marconi. rsc; 

import java.net.*; 
import java.utiL.*; 
import java.io.*; 

import marconi . ras . MarconiServer; 
import marconi . util . *; 

' ' * The <code>Announcer</code> makes periodic announcements via. CDP (SAP/SI 

* <p> 

* @author -riK. 

* aversion SRevision: 1.0 $ 

* 8see marconi. util . CDPPacket 

* @since prototype 1.0 
*/ 

public class Announcer implements Runnable { 

final static String obj_name = "marconi . rsc -Announcer" ; 
String hostname - ""; 

* This thread announces the channel descriptions to the local li; 
*/ 

private volatile Thread announcer Thread - null; 

* Time interval between each Marconi process (30 seconds) . 
*/ 

private final static long INTERVAL =» 30000; 



* Channel Announcement Protocol (CAP) resources. 
*/ 

private MulticastSpcket cap_sender - null; 
private String file - ""; 



*/ 

public Announcer (String file) ( 

try { 

hostname - InetAddress.getLocalHost I ) .getHostNarae <) ; 
cap_sender - new MulticastSocket < ) ; 

\ 

catch (Exception e) { 



* Starts the Announcer. 
*/ 

public void start () < 

announcerThread - new Thread(this) ; 
announcerThread. start { ) ; 
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' Stop3 the Announcer, 



// release sockets and It 
try { 

cap_sender. close () ; 



louncement group 



1 Announcer thread running. 
>hile (Thread. currentThreadO 



juncerThread) { 



* Send out each announcement . 
*/ 

CDPPacket cdp - null; 
try { 

cdp = new OPPacket <f ile) ; 



if (cdp. id !=> null) { 
try ( 

cap_sender.send(send_pkt, (byte) MarconiServer.GLOBAL_TTL) ; 

> 

catch (IOException e) { 

System. nut. println (ob j_name t ".run: "); 
e . printStackTrace ( ) ; 



:.println(obj_name + ".run: announcement sent to ■ 
+ MarconiServer.GLOBAlu.CAP + "/" 
+ MarconiServer.CAP_PORT) ; 



* Interval b/w each loop for sending local channel directory. 
V 

try { 

Thread. sleep (INTERVAL) ; 

} 

catch ( Inter ruptedExcept ion e( { 
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* The main method executes the server setup process. 

public static void main (String args [ ] ) { 
// check arguments (rtsp server) 
if (args. length !■ 1) { 

System. err. println ("usage : \n" + "Announcer <CDP file>") ; 

System. exit (1) ; 



System. setErr (System. out) ; 

// Setup and start the server on local host 
Announcer announcer = new Announcer (args [0 ]) ; 
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* 5<marconi.raa.>RSC. java -v2 . 0 (prototype version), 1999/05/14 5 

* 8jdkl.2, -riK. 



package marconi . rsc; 



• The <code>RSC</code> RMI interface provides security/payment APIs for RAS. 
' <p> 



* Sauthor -riK. 

* Sveraion $Revision: 1.0 $ 

* Ssince prototype vl.O 



' Accept RAS' public key and include thi3 RAS for SEK distributic 
' Senroll (byte [] publicKey] $ 
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[Channel Descriptions Class] 

$<marconi.ras.>CDPPacket. java -v<i . 0 (prototype version), 1999/05/05 $ 
@jdkl.2, ~riK. 



import java.io. ; 

import java.net.*; 

import java . util . StringTokenizer ; 

import marconi .util . sd. *; 

* This class encapsulates and parses the Channel Description Protocol (CDP) 

* Packet. It acts as an transparent interface to the SAP/SDP protocol (the 

* utilization of protocols SAP/SDP is hidden from the users of CDP) . 

* <p> 

* Included in the packet are a subset of the following field3 in any order: 



* <li>language 

* <li>id 

* <li>maddr 

* <li>mport 

* <li>mttl t 

* <li>seklist ; 

* <li>date* 

* <li>schedule* 

* </ul> 

* <p> 

* The channel description can be created from a file or any other object that 

* can be converted to a text stream. The format is given below. 

* <p> 

* Each field is to be contained in a line. Each line is to start with the field 

* name followed by ' =' , and then the field value (i.e. "category-news"). 

* <p> 

* The fields marked * are optional if the CDP packet is not being used to announce 

* program schedules. If the CDP packet is used for program schedule announcement, 

* all the fields must be specified. (Note: the current version only allows one-day 

* scheduling per an announcement. Multiple CDP packets should be used to schedule 

* for different dates) There is no version number, nor is there a session id. A new 

* announcement can simply replace the previously received ones. The different 

* announcements are distinguished by examining the multicast address and the date. 

* If one wishes to schedule ahead of time, the date field should be used to indicate 

* to which date the schedule field is assigned. 

* <p> 

* The <code>schedule</code> field should be in the following format: 

* <pxblockquote><pre> 

* schedule-Slt;programlsgt;, slt;program2sgt; , Sit; programs 4gt; , . . .etc. 

* </pre></blockquote> 

* <p> 

* separating each sub-field with a comma ( , ) . 

* <p> 

* The <code>date</code> field is represented by specifying the number of 

* milliseconds since the standard base time known as "the epoch", namely 

* January 1, 1970, 00:00:00 GMT. GMT (Greenwich Mean Time) is the Internet 

* conventional reference time zone and it is synchronized with the UTC 

* (Coordinated Universal Time) milliseconds. The receivers of this packet can 

« convert this to the appropriate local time. The data type long (64-bit integer 

* in Java) stores these milliseconds. Note that SDP uses the Network Time Protocol 
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* (NTP) timestamps and SDP essentially converts UTC t- . 

* <p> 

* Each program is constructed as: 

* <pxblockquote><pre> 

* Sit; start-tiraeigt; I Sit ; end-time i gt ; I Slt;program-title> I & It; descriptio 

* </prex/blockquote> 

* <p> 

* separating each sub-field with a vertical line CI'). Again, UTC milliseconds 

* should be used to speciEy the times. 

* < p > 

* Lastly, the seklist is the concatenated list of the radio station's session 

* encryption key (SEK) , each time encrypted with the public key that belongs to 

* different RASs (if global announcement) or iRCs (if local announcement). The 

* encrypted values in binary are PEM-encoded and the delimiter • \' is used to 

* separate them. Currently CDPPacket is implemented to support RC4 stream cipher 

* it is a symmetric encryption algorithm with variable key size and fast perform. 

* in software. Another nice feature about it is that it is fairly exportable from US, 

* which is necessary for global usage of MaroniNet. 

* <p> 

* It is necessary that all fields be included (except for the optional ones), although 

* it is not required to have them in order. 

* <p> 

* Gauthor ~riK. 

* aversion $Revision: 1.0 $ 

* Qsee marconi.util . AnnouncementException 

* 3see marconi .util . Timestamp 

* ("since prototype vl . 0 

public class CDPPacket implements Serializable { ; : 

final static String obj_name - "marconi . ras .CDPPacket "; 

/** 

* The station name. 
*/ 

public String name - null; 

* The content category (music I news I sports I ... I . 
*/ 

public String category - null; 



* The content description. 
*/ 

public String description. - null; 
/** 

* The origin of the content (regional ] 
*/ 

public String origin » null; 
/** 

* The language of choice. 
*/ 

public String language - null; 
/** 

* The multicast address. 
V 

public String MADDR - null; 

* The multicast port. 
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public int MPORT - 8888; 

* The multicast ttl (set to local scope by default) . 
V 

public int MTIL = 16; 
/** 

* The array of PEM-encoded (base64) session encryption keys. 
*/ 

public String | ] SEKLIST = null; 
/** 

e the local hostname if used for global 

public String id = null; 
/•* 

* The date being scheduled. 
*/ 

public long date » -1; 

* The radio station's content schedule (list of programs) 
V 

public String schedule = null; 
/** 

* The date and time of the packet created. 
-/ 

public long timeStamp - -1; 
/** 

* The life time of CDP packets (expiration time) . 
*/ 

public final static long TTL = Timestamp.DAX; 
/** 

* The maximum CDP packet buffer length (currently 4K bytes) . 
*/ 

public final static int MAX_BUFLEN - 4096; 

* Raw data containing, the byte-array representation of the packet, if it has 

* one. 
*/ 

private byte[] data - null; 



* Creates an empty CDP packet. 
*/ 

public CDPPacketO ( 

this . timeStamp - Timestamp.get_current <) ; 



* Creates CDP packet from a (received) datagram. 

* 8param packet the datagram packet that 

public CDPEacket (DatagcamPacket packet) throws AnnouncementException { 
parse (packet) ; 
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this.timeStamp > Timestamp . get_< 



* Creates a CDP packet from a file. 

* 9param file pathname to where the CDP-file is located. 
*/ 

public CDPPacket (String file) throws AnnouncementException ( 
parse (file) ; 

this .timeStamp » Timestamp . get_current () ; 

} 

* Initializes this CDP packet by parsing a datagram (UDP) packet. 

* @param packet a datagram packet. 
V 

public void parse (DatagramPacket packet) throws Announcement Except ion ( 

// get session description 
SAPPacket 3ap - null; 
SDPPacket sdp = null; 
try ( 

sap = new SAPPacket (packet .getData 0 ) ; 
sdp = new SDPPacket (sap. payload) ; 

catch (MalformedSDException e) ) 

throw new AnnouncementException ,t 
(obj_name + ".parse: the received announcement cannot be parsed. "\j 

) 

this. name - sdp. name; 

this .description » sdp. info ; 

for (int i = 0; i < sdp. attribute. length; i++) ( 
String attr - sdp. attribute [il ; 
if (attr — null) { 
continue; 

) 



else if (attr.startswith("cat:") ) { 

this. category - attr. substring (attr . indexOfC :') + l).trim(); 



} 

else if (attr.startsWithrx-seklist:-)) < 
Vector2 seklist - new Vector2(); 
StringTokeniser st - new StringTokenizer 

(attr. substring (attr. indexOf (':' ) *l).trim(), "I"); 
while (st.hasMoreTokensO) < 

seklist.addElement (at.nextTokenO . triraO ) ; 

} 

this . SEKLIST - seklist .toStringArray () ; 

) 

else if (attr.startsWith("X-date:") ) < 

String date_str - attr. substring (attr. indexOf (' ) + l).trim(); 
this. date - Long. par seLong (date_str) j 
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thia.MADDR = sdp. connection. address; 
this.MTTL = Integer. parselnt (sdp. connection. ttlt ; 
this.MPORT = Integer. parselnt (sdp. media[0] .getPoi 
this. id = sdp. origin. session_id; 



1 Initializes this CDP packet by parsing from a file. 

■ Sparam file_path name and path of the CDP announcement file. 



oid parse (String file_path) 



i AnnouncementExceptic 



* Open file. 



■ new Buf feredReader (new FileReader (f ile) ) ; 



catch (FileNotFoundException e) { 
throw new AnnouncementException 

(obj_name + ".parse: the CDP file 



be opened. ") ; 



* Read-in the file line by line. 
«/ 

while (file_in !=» null) { 



n.readXineO ; 



if (line — null) { // break if eof 
try { 

f ile_in. close 0; 

catch (IOException e) { 

\ 

break; 

else if <line.startsWith("name=") ) { 

this. name - line. substring (line . indexOf ('-' ) + l).trira(); 

} 

else if <line.startsWith("category-") ) { 

this, category - line. substring (line . indexOf ('-' ) + D.trimO; 

} 

else if < line. atartsWitht "description-" ) > ( 

this. description - line.substringdine.indexOf ('-' ) + l).trim( 

> 

else if (line.startsWith("origin-") ) { 

this. origin - line. substring (line. indexOf ('-' ) + l).trira(); 

> 

else if (line.startsWith("language-"> ) { 

this . language - line. substring (line. indexOf ('-' ) + l).trim<); 

> 

else if <line.startswith<"maddr»") ) < 
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this.SffiDR = Line. substring (line. indexi 

else if (line.3tartsWith("mport-") ) { 

String port_str - line . substring ( line . indexOf ('=' ) + l).trim(); 
this.MPORT = integer. parselnt (port_str) ; 

else if Uine.startsWithCmttl"") I { 

String ttl_str = line. substring ( line. indexOf ('=' ) + l).trim(); 
this.MTTL = integer .parselnt (ttl_str) ; 



se if (line.startsWith("seklist=") ) < 
Vector2 sekList = new Vector2(>; 
StringTokenizer st = new StringTokenizer 

(line . substring (line. indexOf ('=' ) + 1) 
while (st .hasMoreTokens 0 ) ( 

seklist.addElement (st . nextToken () .trir 

> 

this. SEKLIST = seklist.toStringArrayO ; 



ring date_str - line . substring ( line . indexOf ('-' ) + l).l 
lis. date = Long .parseLong (date_str) ; 



Uncomraent below if you want strict formating of the files. 



* Composes a datagram packet that represents this CDP packet going out to the 

* specified address and port number. This packet is UDP encapsulated SAP/SDP 

* session announcemnet protocol. All appropriate fields, not defined as 

* <code>null</code>, are used to make up this packet. 

* Gparam addr destination address string. 

* @param port destination port number. 

* ereturn a datagram packet consisting of the valid CDP (SAP/SDP) fields. 
V 

public DatagramPacket compose (String addr_str, int port) { 
Vector2 temp_vec - new vector2(); 
SAPPacket sap - new SAPPacket (); 
SDPPacket sdp - new SDPPacketO; 

/* 

* compose sdp 
*/ 

// o 

sdp . origin . username » "cdp"; 
sdp. origin. session_id - id; 

sdp. origin. version - String. valueOf (Timestamp.get_current ()) ; 
sdp . origin . network_type - "IN"; 
sdp.origin.addresa_type - "IP4"; 
try ( 
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sdp. origin. address = InetAddress . getLocalH< 

catch (UnknownHostException e) { 

> 

// s 

if (name !- null) ( 
sdp. name " name; 



if (description != null) 
sdp.info = descripti 



(MADDR != null) { 

sdp. connection = new SDPConnection ( ) ; 

sdp. connection. network_type = "IN"; 

sdp. connection. address_type - "IP4"; 

sdp. connection. address = MADDR; 

sdp. connection. ttl = String . valueOf (MTTL) ; 



if (category !- null) { 

temp_vec.addElement ('< 



if (language !- null) { 

temp_vec.addElement ( "lang: " + language); 

} 

if (SEKLIST !- null ii SEKLIST[0] !- null) i 
String temp_str = SEKLIST [0]; 
for (int i - 1; i < SEKLIST. length; i-t-+) { 
if (SEKLIST [i] !- null) { 

temp_str +- "I" + SEKLIST [i] ; 

} 

) 

temp_vec.addElement ( "X-sekliat : " + temp_str) ; 

"X-date:" + String. valueOf (date) ) ; 

) 

if (schedule !- null) ( 

tenip_vec . addElement ("X-sched: " + schedule); 

) 

sdp. attribute - temp_vec.toStringArray ( ) ; 
/It -permanent session 
sdp. active - new String [1], • 
sdp.active[0] - "0 0"; 

sdp.media[0] - new SDPMedia{ "audio". String. valueOf (MPORT) , 



* compose sap 
*/ 

sap.mes3age_type - SAPPacket .MT_ANNOUNCE; 
sap. encryption - false; 
sap. compression ~ false; 
sap.auth_headerlen - 0; 
sap.msgidL-hash - 0; 
try { 

sap. source - InetAddress .getLocalHost 0 .getAddreaa O ; 

> 

catch (UnknownHostException e) { 
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rnetAddreas addr = null; 
try { 

addr - InetAddre33.getByName (addr_str) ; 

> 

catch (UnknownHostException e) { 
> 

return new DatagramPacket (data, data, length, addr, port 



' Composes t 
' fields, nc 
» packet. 



filename (path) 



public void compose (String filename 
File file = new File (filename) ; 
PrintWriter fout = null; 



ut = new PrintWriter (new Buff eredWriter (new FileWriter (f ile) ) ) ; 
(iOException e) { 

i { 

■ name) ; 

- description) ; 
1 + category) ; 
■ origin) ; 



if (MADDR !- null) { 
fout .print In ("nad< 



if (MTTL !- -1) { 

fout.println<*mttl-" + MTTL) ; 



) 

if (SEK1IST !- null Si SEKLISKO] !- null) { 
String temp_str - SEKLIST[0]; 
for (int i - 1; i < SEKLI ST. length; i++) { 
if <SEKLIST[i] !- null) { 

temp_str +- "|" + SEKLI ST ( i] ; 

) 
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fout.println<"sekliat-" + temp_str) ; 

if (date != -1) < 

f out. println< "date-" + String. valueOf (date) ) ; 



f out. close () ; 
catch (Exception e) ( 

) 

/** 

* Composes a datagram packet that represents an empty CDP packet 

* This packet should be instantiated for receiving purposes. It . 

* generates a packet with the internal buffer of the maximum length 



* ^return a datagram packet with empty buffer. 
*/ 

public static DatagramPacket compose () { 
byte[] buf =■ new byte [MAX_BUFLEN] ; 

return new DatagramPacket (buf , buf . length) ; 
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/* marconiNet - Internet Radio Network 

* Distributed Radio Antenna Server (RA5) : [MaddrDispenser Class] 

* $<marconi.maddr .>MaddrDispenser . java -vl . 0 (prototype version), 1999/11/11 $ 

* 8jdkl.l.7, -riK. 
*/ 

package marconi .util; 

import java.io.*; 
import java.net.*; 
import java. util. Hashtable; 

* The <code>MaddrDispenser</code> class distributes a domain-wide multicast 

* address for each station, where domain refers to reachability of RAS. unlike 

* the class <code>MaddrServer</code> it creates multicast channels between RAS 

* and IRCs. Thus, each RAS must include an instance of this object. And 

* assuming a carefully designed domain edges, different instances can utilize 

* the same addresses. 

* <p> 

* We can use administratively scoped address space here, which will eliminate 

* the problem of RAS-coverage (domain) overlaps. But for simplicity and to avoid 

* having to configure the organizational boundary routers, we simply assume 

* for now that there is a local RAS running and use "site-local" scoping 

* ( IPv4 TTL=15) . 

* <p> 

* ^author -riK. 

* Uversion ^Revision: 1.0 $ 

* Usee marconi .util .MaddrException 

* 9since prototype vl.O 
V 

public class MaddrDispenser { 
/* 

* Here we use a contiguous address block £::om the TTL scoped 

* multicast address spectrum: 

* [225.2.0.0 : 225.2.255.255] (site-local iif TTL-15) 

* Note that it avoids the administratively scoped IPv4 multicast space: 

* [239.0.0.0 : 239.255.255.255] 
*/ 

final static int MADDR_LOWBOUND - 0x0000; // [225. 2]. 0.0 
final static int MADDR_UPPERBOUND - OxFFFF; // [225 .2 ]. 255 . 255 
final static String MADDR_PR£FIX - "225. 2"; // 225.0.0.0/16 
final static String RTCP_PREriX - "225.4"; // 

Hashtable registeredMaddra - null; 

' ' * Creates a new instance of <code>MaddrDispenser</code> where the next 

* multicast addreas to be allocated is initialized to the lower bound 

* of the address space. All addresses are recycled. 



* Allocates and returns a new multicast address. It will first try to fill-ii 

* any holes within its address space. In other words, it recycles freed 

* addresses. 

* eretucn the new multicast address. ' .»».. v.^ . 

* Qexception Maddr Except ion if it runs out of the given multicast^ address 
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* pool . 

V 

public synchronized InetAddress nextO throws Maddr Except lor { 

// find an empty multicast address space 
int maddr - MADDR_LOWBOUND; 
InetAddress inet_maddr = null; 

while (registeredMaddrs. contains (new Integer (maddr ) ) 
&& ++maddr <= MADDR_UPPERBOUND) ; 

// return newly assigned address 
if (maddr <- MADDR_UPPERBOUND> < 
try { 

inet_maddr = InetAddress . getByNarae (toString (maddr) ) ; 
< 

lr, new Integer (maddr) ) ; 



i MaddrException( "Multicast address out of bound.*); 



* Tree the address. Return the multicast address back to its pool. 

* @param inet_maddr the address to be freed. 
*/ 

public synchronized void remove (InetAddress inet_maddr) { 
registeredMaddrs . remove ( inet_maddr) ; 

} 

/* 

* Construct the full IP address format. 



(addr & OxFF) ; 



* Return RTCP multicast address of the given RTP multicast address. The details 

* of mapping RTP to RTCP address is hidden. 

* 9param rtp_maddr the RTP multicast address. 
*/ 

public static String rtcp_map (InetAddress rtp_maddr) { 
byte [ ] raw » rtp_raaddr . get Addres s ( ) ; 

return RTCPJPREFIX + "." + ( <raw[2] « 24) >» 24) + "." + ( <raw[3] « 24) >» 24); 



* Return IPv4 address as 32bit integer. 

* Qparara maddr the inet address to be converted. 

*( 

public static int addr_to_int (InetAddress maddr) < 
byte [ ] raw - maddr . getAddress ( ) ; 
int int32 - raw[0] « 24; 
int32 |- (raw[l] « 24) »> 8; 
int32 I- (raw[2] « 24) »> 16; 
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int32 I- (raw[3] << 24) 3>> 24; 
return Lnt32; 
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/* marconiNet - Internet Radio Network 

* Distributed Radio Antenna Server (RAS> : [MaddrServer Class] 

* $<marconi.util.>MaddrServer. java -vl . 0 (prototype version), 1998/10/12 $ 

* 8jdkl.2, -riK. 

V 

package marconi .util; 

import java. rrai . *; 

import java. rmi . server. *; 

import java . riri . registry .LocateRegistry; 

import java.net.*; 

import java. util. Hashtable; 

* The <code>MaddrServer</code> class manages the global multicast address 

* allocation to the Radio Station Client (RSC) channels. The current version 

* does not implement distributed approach. Therefore, <code>MaddrServer</code> 

* acts as a centralized server where the RSCs can obtain their multicast 

* addresses via a specific request (RMI request) . 
» <p> 

* 9author -riK. 

* aversion $Revision: 1.0 S 

* 9see marconi. util. MaddrException 

* 9since prototype 1.0 
*l 

public class MaddrServer extends UnicastRemoteObject • * 

implements MaddrServerlnterf { : : 

final static String obj_narae - "marconi .util. MaddrServer"; 
/** 

* The port number for multicast address. 
«/ 

public final static int MADDRSERV_FORT - 8889; 

* Here we use a contiguous address block from the TTL scoped 

* multicast address spectrum: 

[225.1.0.0 : 225.1.255.255] (global iff 128 < TTL < 255) 

* Note that it avoids the administratively scoped IPv4 multicast space: 

* [239.0.0.0 : 239.255.255.2551 

final static int MADDR_LOWBOUND - 0x0000; // [225.1]. 0.0 

final static int MADDR_UPPERBOUND - OxFFFF; // [225 . 1] . 255 .255 

final static String MADDR_P REF I X - "225.1"; // 225.0.0.0/16 

Hashtable registeredMaddrs - null; 

1 * Initializes the multicast address server. 
*/ 

public MaddrServer () throws RemoteException { 
registeredMaddrs - new Hashtable () ; 



Allocates and returns a new multicast address. It will first try to fill-in 
any holes within its address space. In other words, it recycles freed 
addresses. 

• Sreturn the new multicast address. 
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* ^exception MaddrException if it runs out < 

*/ 

public synchronized InetAddress nextO 

throws RemoteException, MaddrException { 

// find an empty multicast address space 
int maddr - MADDR_LOWBOUND ; 
InetAddress inet_maddr = null; 

while (registeredMaddrs. contains (new Integer (maddr) ) 
id ++maddr <= MADDR_UPPERBOUND) ; 



inet_maddr = InetAddress . getByName (toString (maddr ) ] 



r Integer (maddr) ) ; 
throw new MaddrException ( "Multicast address out of bound."); 

} 

) 

* Free the address. Return the multicast address back to its pool. 

* @param inet_maddr the address to be freed. 
*/ 

public synchronized void remove (InetAddress inet_maddr) 
throws RemoteException { 
registeredMaddrs . remove (inet_maddr) ; 

/* 

* Construct the full IP address format. 

+ <addr & OxFF) ; 



* The main method executes the server setup process. 
*/ 

public static void main (String args[]) throws RemoteException { 

If check arguments (rtsp server) 
:.f (arga. length !- 0) { 

System. err. println ("usage: \n" + "MaddrServer") ; 

Sy3tem.exit(-1); 

\ 

System. setErr (System. out) ; 



// Setup and start the server on local host 
try { 

LocateRegistry .createRegistry (MADDRSERV_P0RT) ; 
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MaddrServer madSrServer - new MaddrServer O ; 

Naming. rebind <■//:" * MADDRSERV_PORT + V" t obj_name, maddrServer) ; 
System. out .print In ( InetAddresa . getLocalHoat ( ) 

+■ " bound in registry at port " 

+■ MADDRSERV_PORT) ; 

catch (Exception e) { 

System. err. println (obj_name + ".main: " + e.getMessage () ) ; 
e . printStackTrace ( ) ; 
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* EXTENSION OF- . . 

* 3 (♦) Vector . java 1.60 03/03/30 

* Copyright 1994-1998 by Sun Microsystems, Inc., 

* 901 San Antonio Road, Palo Alto, California, 94303, U.S.A. 

* All rights reserved. 

* This software is the confidential and proprietary information 

* of Sun Microsystems, Inc. ("Confidential Information") . You 

* shall not disclose such Confidential Information and shall use 

* it only in accordance with the terms of the license agreement 

* you entered into with Sun. 
*/ 

package marconi . util ; 

1 * This class extends java. util . Vector so that it's capable of returning its 
an array of java . lang. String. 

-riK. 

java. util .Vector 
iss Vector2 extends java. util -Vector { 



* Constructs an empty vector so that its internal data array 

* has size <tt>10</tt> and its standard capacity increment is 

* zero. 
V 

public Vector2 () { 
super (10); 



* Returns a string array representation of this Vector, containing 

* the String representation of each element. 
*/ 

public synchronized String [1 toStringArray () ( 
StringU result - new String [elementCount] ; 
System. arraycopy (elementData, 0, result, 0, elementCount); 
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'* marconiNet - Internet Rad^i Network 

» Distributed internet Radio server (DIRS) : [Maddr Server interface] 

* $<marconi.util.>MaddrServerInterf . java -vl . 0 (prototype version), 98/8/19. 

* @jdkl.2, -riK. 
*' 

package macconi . util; 

Import java . rmi . *; 

Import java.net . Inet Address; 

* This interface provides centralized di 3 tribution of global multicast addresses. 
*/ 

public interface MaddrServerlntecf extends Remote { 

public InetAddress nextO 

throws RemoteException, MaddrException; 

public void remove ( InetAddress rnaddr) 
throws RemoteException; 



} 



156 



WO 00/79734 



&«>«64.java Jun^ 14:3 . : 44 1999 1 

/* marconiNet - Internet Radio Network 

* Distributed Radio Antenna Server (RAS) : [Ba3e€4 Wrapper Class] 

* $<marconi. util. >Base64. java -vl . 0 (prototype version), 1999/05/13 S 

* @jdkl.2, -nK. 
*/ 

package marconi .util; 
import java. util.*; 

* This class is a Base64 wrapper for ASCII representation of BINARY data. 

* It follows the PEM encoding formula. 

* <p> 

* Sauthor -riK. 

* Sversion $Revi3ion: 1.0 $ 

* @since prototype vl.O 



: Maps binary to char. 

7 

:ivate static int map(int c) ( 

if (c >= 0 44 c <- 25) return(c 
if (c >» 26 44 c <= 51) return <c 
if (c >= 52 44 e <=- 61) return(c 
if (c — 62) return (' f ) ; 
if (c =- 63) returnf'/'); 
else return (-1) ; 



» Maps, char to binary. 
*/ 

private static int unmap(int c) 
if (c >- •-' " 
if (c >= 

if (c >= '0' 44 c <» '9') return (c h 

(62) ; 

(63) ; 



* Decodes base64. 
V 

public static byte[] decode (byte [ 1 string) { 
int length, i, j; 
byte[] buf - {0) ; 



\ 

length - string. length; 
buf - new byte [< (length / 4) * 3) + 11; 
for (i - j - 0; i < length; i +- 4, j +- 3) { 
while (i < length 44 string [i] !- *-' S4 

! (stringCi] >- 'a' 44 stringdl <= ' z' ) 44 
!(string[i] >- 'A' SS 3tring[i] <- ' Z' ) 44 
! (string [i] >- '0' 44 string [i] <- '9')) i++; 
buf[j] - (byte) < (unraap (string [i] ) 4 0x3f) « 2); 
if (string[i+l] — ' -' ) { 
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'"ftj+1] = 0; 



bufljl 1= (byte) ( (unmap (string ( i+1 ] ) & 0x30) 
buf ( j + U - (byte) I ' 
if (string [i+21 == 

buf[j+2] » 0; 

break; 

) 

buftjtl] 1= (byte) < (unmap <string[i+2] ) 
buf [j+2] = (byte) ( (unmap ( string [ i+2 ] ) S 
if <string[i+3] — '-') { 
buf[j+3] = 0; 



buf [j+2] 1= (byte) unmap (string [ i+3 ] ) S 0x3f; 



public static byte[] encode (byte [ ] bin) { 
int BLOCKS_PER_LINE - 18; 
int length, i, j, cnt; 
byte[] buf = (0); 

if (bin — null) ( 
return buf; 

) 

length = bin. length; 

byteU string - new byte [length + 2]; 
System. arraycopy (bin, 0, string, 0, length); 
cnt - ( ( (length + 3) / 3) * 4) + 2; 
cnt +- (cnt / (BLOCKS_PER_LINE * 4)); 
buf = new byte (cnt]; 

for (i - j = cnt - 0; i < length + 3; i +- 3,j +- 4) ( 
buf[j] = (byte) map ( (string [i] S Oxfc) » 2) ; 
buf[j+l] = (byte) (map (( (string [i] 6 0x03) « 4) | 

( (string [i+1] & OxfO) » 4))>; 
if (string [i+1] — 0) { 

buf[j+2] - buf [j+3] - (byte) 

I + V ; 

buf [j+2] - (byte) (map (( (string [i+1] S OxOf) « 2) I 

( (string [i+2] & OxcO) » 6) ) ) ; 
if (string [i+2] — 0) { 

buf [j+3] - (byte) '-'; 

j +- 4; 

break; 

} 

buf [j+3] - (byte) map (string [i+2] & 0x3 f > ; 
if (cnt >- (BLOCKS_PEJL_LINE - D) i 

buf[j+4] - (byte) ' \n' ; 

buf[j+5) - (byte) ' 

j +- 2; 

cnt - 0; 

> 

else cnt++; 

} 

return buf; 
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* Test function. 
•/ 

public static uoid main(String argsU) ( 
// byte[] in - <(byte)0xff, (byte)0x33, (byte) 0x55 } ; 

// byte[] out - encode(in); 

byte[] out » encode (args [0] .getBytes ()) ; 

System. out. println (new String (out) ) ; 

System. out .println (new String (decode (out) ) ) ; 
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/* marconiNet - Internet Radio Network 

* Distributed Radio Antenna Server (RA.S) : [Session Description (SDP) Class] 

* s<marconi.util.sd.>SDPPacket. java -vl . 0 (prototype version), 1999/03/15 $ 

* 9jdkl.2, -riK. 



import java.util.StringTokeniz* 



* This class encapsulates and parses the <code>media</code> field of Sesi 

* Description Protocol. 

* <p> 

* Sauthor -riK. 

* Sversion $Rev i3 ion: 1.0 S 

* @see marconi.util.sd.SDPPacket 

* Ssince prototype vl.O 
V 

public class SDPMedia < 

* The session name. 
*/ 

protected String media - null; 

* The session information, 
public String title = null; 

* The media connection information (multiple specification not suppc 
*/ 

public SDPConnection connection = null; 

* The bandwidth information. 
•/ 

public String bandwidth - null; 
/** 

* The encryption key. 
*/ 

public String key - null; 
/** 

* The media attributes. 
*/ 

public String attributed - null; 

* The media type (audio, video, application, — etc.). 
V 

private String raediaType - null; 

' ' * The transport port to which the media stream will be sent. 
*/ 

private String mediaPort = null; 
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* The transport protocol. 
*/ 

private String mediaTransport = null; 

* The media formats. 
V 

private String!] mediaFormat = null; 

* The default constructor with specific format list. 

public SDPMedia (String type, String port, String transport, String [] format) { 
mediaType = type; 
mediaPort - port; 
mediaTransport = transport; 
mediaFormat = format; 
media = compose (); 

} 

/** 

* The default constructor with default media format. 
*! 

public SDPMedia (String type. String port, String transport) { 
String!] fmt = ("0"}; 
mediaType = type; 
mediaPort - port; 
mediaTransport - transport; 

mediaFormat » fmt; ,* 
media ■ compose (); ,j 



* The constructor. 

*/ 

public SDPMedia (String media) { 
this. media » media; 
Vector2 temp_vec - new Vector2(); 
StringTokenizer st - new StringTokenizer (media, 

if <S1 



this .mediaFormat - temp_vec.toStringArray () ; 



' Returns the type of media. This variable is not directly accessible 
' because they are read-only. 
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Returns the port number for media conununicatioi 
directly accessible because they are read-only 



■ Returns the media format list. This variable is not directly accessible 
• because they are read-only. 



* Returns concatenated media description. 
*/ 

protected String compose () < 
String temp_str - ""; 

for (int i - 0; i < mediaFormat . length? i+-t-) { 

temp_str = terap_str + < (i-=0) ?"":*") + mediaFormat [ i] ; 

> 

return mediaType + " " + mediaPort + " " +■ mediaTransport + ■ • 
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i Description (SDP) Class] 

* ?<marconi.util.sd.>SDPPacket. java -vl . 0 (prototype version), 1999/03/15 $ 

* Gjdkl.2, -riK. 

package marconi . util.sd; 
import java.util.*; 

' / * This class encapsulates and parses the <code>connection</code> field of Session 

* Description Protocol. Currently only IP4 address type is defined by the 

* <P ? 

* @author -riK. 

* aversion SRevi3ion: 1.0 $ 

* @see marconi. util . sd. SDPPacket 

* 0since prototype vl . 0 
*/ 

public class SDPConnection \ 

* The type of network. 
V 

public String networ)c_type - "IN"; 
/** 

* The type of address. , j 

*/ 

public String address_type - "IP4"; 
/** 

* The base multicast address for connection. 
*/ 

public String address - ""; 

* The connection ttl (time to live) . 
*/ 

public String ttl - ""; 

* The number of contiguous addresses including the base address, 
public String count » 

' * Default constructor. The subfielda take the default values. It is the 

* user's responsibility to make sure that the required subfields are 

* properly initialised. 
*/ 

public SDPConnection <) { 
super { ) } 

} 

1 * constructor. It does not check for the valid number of subfields. This 

* simple parser uses the default values if the input is short of fields. 

public SDPConnection (String connection) { 

StringTokenizer st - new StringTokenizer (connection, ■ "); 
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if (st.ha3MoreTok.ensO) < 

this.n«twork_cype - st . nextToken <) ; 

t 

if (st.hasMoreTokens () ) { 

this .addres3_type = st . nextToken () ; 

\ 

if (address_type.startswith("iP4") I { 
if (St.hasMoreTokens () ) { 

String connect ionAddress - st . nextToken () ; 

StringTokenizer st2 = new StringTokenirer (connectionAddress, "/"); 
if (3t2.hasMoreTokens () ) ( 

this. address - st2 .nextToken () ; 

} 



else { 

while (st .hasMoreTokens () ) { 

this. address - address + " " + st . nextToken () ; 

} 

this. address = address . trim () ; 



* Returns the <code>String</code> of concatenated connect; 
*/ 

protected String compose () ( 

return network_type + " " + address_type + " " + addre; 
+ (address_type. equals ("IP4") ? "/" + ttl + "/" 
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ision Announcement Protocol Class) 

* $<marconi. util. sd.>SAFPacket. java -vl . 0 (prototype version), 1999/03/15 5 

* (Jjdkl.2, -riK. 
*/ 

■ackage marconi .util.sd; 
.mport marconi. util . Timestamp,- 

* This class encapsulates and parses the Session Announcement Protocol (SAP) 

* Packet. Within it, SDP packet in also encapsulated. Many of the security 

* related fields are still being defined and thus not fully supported in this 

* version. It merely supports the parsing of these fields. For example, the 

* encrypted payload is not parsed and left to be handled by the next version, 

* or an object that extends this, or an object that encapsulates this (parent 

* <p> 

* Included in the packet are the following fields: 

* <ul> 

* <li>version 

* <li>mes3age type 

* <li>encryption bit 

* <li>compression bit 

* <li>authentication header length 

* <li>message id hash 

* <li>originating source 

* <li>authentication header 
« <li>tiraeout 

* <li>payload 

* </ul> 

* <p> 

* Uauthor -riK. 

* aversion SRevision: 1.0 $ 

* Ssee marconi. util. sd.MalforraedSDException 

* Usee marconi. util. ad. SDPPacket 

* @since prototype vl.O 

public class SAPPacket implements java. io . Serializable ( 

final static String obj_name - "marconi. util. SAPPacket"; 

* The version ID. 

public final static in.t version - 1; 

* The message typ«. 
V 

public byte message_type - MX., ANNOUNCE ; 
/** 

* The encryption bit. 
*/ 

public boolean encryption ■ false; 
/** 

* The compression bit. 
*/ 

public boolean compression - false; 
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* The authentication header length. 
V 

public short auth_headerlen = 0; 

* The message identifier hash. 
V 

public shoct msgicLhash = 0; 
/" 

* The orginating source. 
*/ 

public byte[] source = new byte [4]; 

* The authentication header. 
V 

public int[] auth_header = null; 

* The timeout . 
public int timeout = 0; 

1 " The text payload (if encrypted contains the privacy header field) . 
V 

public byte[] payload - null; 

* The date and time of the packet created. 
*/ 

public long timeStamp = -1; 

* The maximum payload buffer length (currently IK bytes as limited by SAP) . 
*/ 

public final static int MAX_BUFLEN - 1024; 
/** 

* The <cade>announce</code> message type. 
*/ 

public final static int MT_ANNOUNCE - 0; 
/.. 

* The <code>delete</code> message type. 

*/ 

public final static int MT_PELETE - 1; 
/*• 

* Raw data containing the byte-array representation of the packet. 
*/ 

private byte[] data - null; 

* Creates an empty SAP packet. 



' Creates SAP packet from a byte array. 
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gparam 



: contains SAP/SDI 



public SAPPacket (byte [] buf) throws Malf ormedSDExcepti< 
parse (buf) ; 

thi3 .timeStamp - Timestamp . get_current ( ) ; 



Obtains a SAP packet by parsing a byte array. 

Gparam buf a byte array that contains SAP/SDP. 

>lic void parse (byte (] buf) throws Malf ormedSDException { 
int bO, bl, b2, b3, i = 0; 

// main sap header 
bO - buf [i] ; 

bl = (buf(i-t-l) « 24) »> 24; 
b2 = <buf[i+2] << 24) >» 24; 
b3 = (buf [i+3] << 24) >» 24; 

int main_header = bO « 24 | bl « 16 I b2 « 8 I b3; 

if (version !- ( (main_header & OxeOOOQOOO) »> 29)) ( 
throw new Malf ormedSDException 

<obj_name + ".parse: incompatible version received."); 

this.message_type - (byte) ( (main_header & OxlcOOOOOO) >» 26); 
this. encryption - (main_header & 0x02000000) > 0; 
this. compression = (main_header & 0x01000000) > 0; 
this.auth_headerlen - (short) ( <main_header i OxOOffOOOO) »> 16); 
this.msgid_hash = (short) (main_header & OxOOOOf f f f ) ; 

// originating source 
this.sourcelO] =»buf[i]; 
this, source 11] -buf[i+l]; 
this.source(2] =buf[i+2]; 
this. source [3] - buf [i+3]; 
i += 4; 

// authentication header 

this.auth_header = new int [auth_headerlen] ; 
for (int j - 0; j < auth_headerlen; i +- ++j*4) { 
bO - bu£[i]; 

bl - (buf [i+1] « 24) »> 24? 
b2 - <buf[i+2] « 24) »> 24; 
b3 - (buf [i+3] « 24) >» 24; 

this.auth_header[j] - bO « 24 I bl « 16 I b2 « 8 I b3; 

) 

// 32-bit timeout field 
if (encryption) { 
bO - bufti]; 

bl - (buf[i+l] « 24) >» 24; 
b2 - (buf[i+2] « 24) »> 24; 
b3 - (buf[i+3] « 24) »> 24; 

this. timeout - bO « 24 I bl « 16 | b2 « 8 I b3; 
i +- 4; 

} 

// payload 

int payloadlen - Math . min (MAX_BUFLEN, buf. length - i) ; 
this. payload - new byte [payloadlen] ; 

Systera.arraycopy (buf, i, this. payload, 0, payloadlen); 
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* Returns the buffer chat represents this SAP packet. 

* Sreturn byte array representation of this SAP packet (including payload) . 
V 

public byteU compose () ( 

int bO, bl, b2, b3, i, j; 

// integrity check 

if (payload == null) ( 

) 

if (auth_header !- null) { 

// just in case they don't match 
auth_headerlen = (short) auth_header. length; 

) 

int length = 4 + 4 + auth_headerlen * 4 + 

((encryption) ? 4 : 0) + payload . length; 
data - new byte [ length] ; 

// main header 

bO - version; 

bl = message_type; 

b2 = (encryption) 7 1:0; 

b3 - (compression) ? 1 : 0; 

data[0] = (byte) (bO « 5 I bl « 2 | b2 « 1 I b3) ; 

data[l] = (byte) (auth_headerlen) ; 

data [2] - (byte) (msgid_hash » 8); 

data [3] = (byte) (msgid_hash) ; 

data [4] = source [0]; 

data [5] - source [1]; 

data [6] = source [21; 

data[7J = source [3 ] ; 

// authentication header 

for (j = 0, i - 8; j < auth_headerlen; i +- ++j*4) { 
datati] = (byte) (auth_header [ j] » 24); 
datati+1] - (byte) (auth_header I j) >> 16); 
data[i+2] - (byte) (auth_header ( j] >> 8); 
data[i+3] = (byte) (auth_header [ j ] ) ; 



/V timeout field 
if [encryption) { 

data[i] ■ (byte) (timeout » 24); 

data[i+l] - (byte) (timeout » 16); 

data[i+2] - (byte) (timeout » 8); 

data[i+3] - (byte) (timeout); 



// payload 

System. arraycopy (payload, 0, data, i, payload . length) ; 
return data; 



168 



WO 00/79734 PCT/US00/16913 
SDPOrigin. j»v» ^ 17 *:33:0« 1999 1 

[Session Description (SDP) Claaal 

* 3<marconi.util.sd->SDPOrigin. java -vl . 0 (prototype version), 1999/04/06 S 
» Sjdkl.2, -riK. 

*/ 

package marconi .ut il - sd; 

import java . ut il . StringTokeni zer ; 

* This class encapsulates and parses the <code>origin</code> field of Session 



* 8author -riK. 

* aversion SRevision: 1.0 S 

* esee marconi.util.sd.SDPPack.et 

* @since prototype vl . 0 
•/ 

public class SDPOrigin ( 



* The username. 
V 

public String username - 
/** 

* The session id. 
V 

public String session_id - "0"; 
/*. 

* The announcement version. 
*/ 

public String version - "0"; 

* The type of network. 
V 

public String network_type - "IN"; 

* The type of address. 
*/ 

public String addreas_type - "IP4"; 
/** 

* The originating network address. 
*/ 

public String t 



* Default constructor. The subfields take the default values. It is the 

* user's responsibility to make sure that the required subfields are 

* properly initialized. 
*/ 

public SDPOrigin 0 < 
super ( ) ; 



k Constructor. It does not cheek for the valid number of subfields. This 
► simple parser uses the default values if the input is short of fields. 
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* Returns the <code>String</code> of concatenated origin subf ieLds . 
*/ 

protected String compose () { 

return username + " " + session_id + " " +• version t " " 

+ network_type + " " + address_type + " " + address ; 
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ssion Description (SDP) Class] 

* s<marconi.util . 3d.>SDPPacket . java -vl . 0 (prototype version), 1999/03/15 $ 

* 8jdkl.2, -riK. 

package marconi-.util.se!; 

import java.util.*; 

import java.io.*; 

import marconi.util.Timestamp; 

import marconi.util.Vector2; 

/ * This class encapsulates and parses the Session Description Protocol (SDP) 

* Packet. It does not support parsing of the full SDP fields but only enough 

* to support CDP (Channel Description Protocol) . Thus, it does not parse into 

* the subfields of SDP if they are not to be used for channel description. 

* Further, the parser tolerates other passive errors such as the existence of 

* fields that are not defined. However, the composing and parsing of SDP is 

* 100% compliant with the standard specification. In order to facilitate this 

* the parser strictly checks for the order and the existence of the required 

* fields. 

* <p> 

* The syntax of the SDP fields are given below: 

* <ul> 

* <li>o-slt;usernameSgt; Slt;session idSgt; Sit; versionigt; slt;network typeSgt; 

* Sit; address typeSgt; Sit; addresssgt; • t 

* <li>s«Slt; session nameSgt; j : 

* <li>i-slt; session descriptionsgt; 

* <li>u-slt;urisgt; 

* <li>e-Slt;eraail addresssgt; 

* <li>p-Slt;phone numberSgt; 

» <ii>c»< network typeSgt; Slt;addresa typeSgt,- ilt; connection addresssgt; 

* <li>b-Slt;modifiersgt; :Slt;bandwidth-valueSgt; 

* <li>t«Slt; start timesgt; sit; stop timesgt; 

* <li>r=Slt; repeat intervalsgt; Sit; active durationsgt; sit; list of offsetaSgt; 

* <li>z-s It; adjustment timesgt; Sit; of fsetSgt; ... 

* <li>k-Slt;methodsgt; 

* <li>k-slt;methodSgt; : Sit; encrypt ion keysgt; 

* <li>a-slt;attributesgt; 

* <li>a-Slt;attributesgt; :Slt;valueSgt; 

* <li>m-slt;mediatgt; Slt;portsgt; sit; transport tgt; ilt;fmt IxstSgt; 

* </ul> 

* <p> 



marconi.util.ad.MalformedSDException 

* 8 see marconi.util.sd.SDPOrigin 

* I? see macconi.util.sd.SDPMedia 

* esee marconi.util.ad.SDPConnection 

* 8see marconi.util.sd.SAPPacket 

* 9since prototype vl.O 

public class SDPPacket implements java.io.Serializable < 

final static String obj_narae - "marconi.util. SDPPacket"; 



* The protocol version. 
*/ 

public final static int version - 0; 
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* The owner/creator and session identifier, 
public SDPOrigin origin - new SDPOrigin ( ) ; 

* The session name, 
public String name = ""; 

* The session information. 
*/ 

public String info = null; 

* The 'JRI of description. 
V 

public String uri = null; 

* The contact email address. 
*/ 

public String!] email = null; 

* The contact phone number, 
public String!] phone - null; 



* The session le\ 
*/ 

public SDPConnection connection 

* The bandwidth information. 
V 

public String bandwidth - null; 



i information, 
i = new SDPConnection () ; 



* The time zoi 
*/ 

public String : 



s adjustments, 
me - null; 



* The encryption key. 
*/ 

public String key - null; 
/** 

* The session attributes. 
*/ 

public String!] attribute - null; 

1 * The active times (NTP in seconds = Oh on January 1900). 
*/ 

public String!] active - ("0 0"}; 
/** 

* The repeat times. 
*/ 

public String!] repeat ■ null; 
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* The media description, 
public SDPMediaU media - new SDPMedia [MAX_MEDIACOUUT] ; 



* The date and time of the packet ci 
*/ 

public long timeStamp - -i ; 

* The number of media descriptions. 
*/ 

public int mn = 0; 

* The maximum number of media descriptions, 
public final static int MAX_MED I ACOUNT - 10; 

* Raw data containing the byte-array representation of the packet, 
*/ 

private byte[] data » null; 

* Creates an empty SDP packet. 



* Creates SDP packet from a (received) SAP payload. 

* Bparam buf a byte array that contains SDP. 
*/ 

public SDEPacket (byte [] buf) throws MalforraedSDException \ 
parse (buf) ; 

this. timeStamp - Timestamp.get_current 0 ; 



* Creates a sdp packet from a file. 

* Uparani file pathname to where the SDP-file is located. 

public SDPPacket (String file) throws Malf ormedSDException { 
parse (file) ; 

this. timeStamp ■ Tiraeatamp.get_current () ; 

) 

/ '* Obtains a SDP packet by parsing the SAP payload. 

* Gparam buf a byte array that contains SAP payload (SDP content) . 
public void parse (byteM buf) throws MalfonnedSDException { 



' Open packet buffer as stream. 
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Buf feredReader buf_in - new Buff eredReader (new 
(new ByteArraylnputStream(buf ) ) ) ; 



catch (MalformedSDException e) { 
throw new MalformedSDException 

(obj_name + ".parse: packet cannot be parsed."); 



catch (IOExceptic 



* Obtains a SDP packet from a file. 

* Gparam file_path name and path of the SDP 
public void parse (String file_path) throws Malf orraedSDExcept: 

/* 

* Open file. 
*/ 

File file = new File (f ile_path) ; 
Buf feredReader file_in « null; 
try { 

file_in = new Buf feredReader (new FileReader (f ile) ) ; 
parse (file_in) ; 
file_in. close () ; 

} 

catch (FileNotFoundException e) { 
@ .printStackTrace () ; 

} 

catch (MalformedSDException e) { 
throw new MalformedSDException 

(obj_name + ".parse: file cannot be parsed."); 

> 

catch (lOException e) { 



* Parse ordered fields. 

protected void parse (Buf feredReader parser) throws MalformedSDException { 
boolean perror - false; 

parse_err: 

try { 

Vector2 temp_vec - new Vector2(); 
String line » parser. readLine () ; 

// v 

if (line !- null SS line . startsWith ( "v-" ) ) ( 

String v_str - line.substringdine.indexOf (' ) + l).trim(); 

System, out. println <obj_j>arae + ".parse: " + line); 

if ( Integer. parseint (v_str) > this. version) { 
throw new MalformedSDException 

<obj_name + ".parse: incompatible version received."); 
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line - parser . readLine <> ; 



if (line !- null ii line . startsWith ( "o-" ) ) { 

item. out .println <obj_name + ".parse: " + line); 

this. origin - new SDPOrigin (line.substrim 

(line.indexOf ('-' ) + 1) .triinO ) ; 
line - parser. readLine () ; 



// s 

if (line !- null 14 line.3tartsWith("s-"> ) < 

System. out .println (obj_name + '.parse: " + line); 

this. name » line . substring (line. indexof ( ' 
line » parser. readLine () ; 

) 

else { 



if (line !» null S4 1 ine. startsWith ("i=") ) { 
System, out. println (obj_name *■ ".parse: " +■ line); 



s. startsWith <*u=") ) 
System. cut. println (obj_jiame + ".parse; " +■ line 



while (lin» !• null £& line. startsWith <"e-") ) ( 
System. out. println (obj_narae + ".parse: " + line); 



temp_vec.addElement (line. substring (line. indexOEC-') + 1) .triraO); 
line - parser . readLine () ; 
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temp_vec . removeAl IE laments ( ) ; 

while (line != null line . startsWith ( "p-" ) > ( 

System. out - print In <obj_name + ".parse: " + line); 

temp_vec.addElement ( line. substring ( line. indexOf ('-' ) + 1) .trim() ) ; 
line = parser . readLine () ; 

) 

if (temp_vec.size() > 0) { 

this. phone => temp_vec . toStringArray ( ) ; 

) 

// c 

if (line != null £4 line . startsWith ("c=" ) ) 1 

System. out .print In (obj_narae + ".parse; " + line); 

this. connection = new SDPConnection (line . substring 

(line.indexOf (' -' ) + D.trimO); 
line = parser. readLine 0 ; 

\ 

1/ b 

if (line != null SS line . startsWith < "b=" ) > I 
System. out .println (ob j_name + ".parse: " *■ line); 

this, bandwidth = line, substring (line. indexOf ('-' ) -t- D.trimO; 

line = parser. readLine 0 ; 
\ •* 
// z ''■ 
if (line !- null SS line . startsWith ( "z=" ) ) { 

System. out .println (obj_name + ".parse: " + line); 

this. zone = line . substring (line . indexOf ('-' ) + D.trimO; 
line = parser. readLine 0 ; 

} 

II k 

if (line !=null && line. startsWith ("k=") ) { 

this. key = line . substring (line . indexOf ('-' ) + D.trimO; 
line - parser. readLine 0 ; 

) 

// a 

if (temp_vec.size() > 0) { 

temp_vec . removeAHElementa ( ) ; 

while (line !- null S4 line.startaWith("a-") ) { 

System. out. println (objjiame + ".parse: " + line) ; 

temp_vec. addElement ( line, substring (line. indexOf ('-') + D.trimO); 
line - parser . readLine ( ) ; 

:. toStringArray 0 ; 

} 

II t 

if (temp_vec.size<) > 0) { 

temp_vec . removeAl lElement s ( ) ; 

while (line !«• null SS line.startaWithCt-") ) { 

System. out .println (obj_name + ".parse: " + line); 
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t emp_vec . addElement (line . substring (line . inde> 
line = parser . readLine () ; 



else < 

perror » true; 
break parse_err; 

> 

II r 

if (temp_vec.size () > 0) { 

temp_vec . removeAllElements ( ) ; 

while (line != null Si line . startsWith ( "r-" ) ) { 

temp_vec. addElement (line. substring (line.indexOf ('-' ) + 1) .trimO ) ; 
line = parser . readLine <) ; 



while (line != null 44 line . startsWith ( "in-" ) ) { 

System. out .println(obj_name + ".parse: " + line) ; 

if (mn < MAX _MED I ACOUNT ) ( 
mn++; 

this. media [ran-1] - new SDPMedia (line. substring 

(line.indexOf ('-') + D.trimO); 
line - parser. readLine () ; 

// i 

if (line !- null 54 line.startswith("i-") ) { 
media [mn-1] . title - line. substring 
(line.indexOf ('-' ) + D.trimO; 
line - parser . readLine O ; 

} 

// c 

if (line !- null && line. startsWith ("c-") ) I 
media [ran-1] .connection - new SDPConnection 

( line. substring! line. indexOf ('-' ) + 1) .tr 
line - parser . readLine 0 ; 

// b 

if (line !- null it line.startsWith("b«") ) < 
media [mn-1 1 .bandwidth - Line . substring 

(line.indexOf ('-' ) +■ D.trimO,- 
line - parser .readLine 0 ; 

> 

// k 

if (line !- null &fi line.startsWith(")c-") ) { 
media [mn-1] .key - line. substring 

(line.indexOf ('-' ) »■ D.trimO; 
line - parser. readLine () ; 

> 

// a 

if <temp_vec.sizeO > 0) [ 

temp_vec . removeAllElements ( ) ; 

while (line !- null S* line.startsWith("a»") ) < 
temp_vec . addElement (line . substring 

(line.indexOf ('-' ) + D.trimO); 
line - par ser. readLine () ; 

) 
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if (temp_vec.3ize() > 0) < 

media [mn-1] .attribute = temp_vec.toStringArray () ; 



if <mn =- 0) < 

perror = true; 
break parse_err; 



catch (IOException e) < 

throw new MaLf ormedSDException 

(obj_name + ".parse: session description cannot be parsed." 



* Uncomment below if strict formating is desired. 
*t 

if (perror) { 



• Composes a byte array that represents this SDP packet. 

ill appropriate fields, not defined as <code>null</code>, are used 
-o make up this packet. The syntax integrity check is not performed 
' during this process. The <code>Malf ormedSDException</code> will be 
thrown by the parser when the receiver of this packet tries to parse 

"turn a byte array consisting of the valid SDP fields in order. 

public byte[] compose () { 

ByteArrayOutputStream ba - new ByteArrayOutputStreamO ; 

PrintWriter ba_out = new PrintWriter (new OutputStreamWriter (ba) , true) ; 

ba_out.println("v=" + version); 
if (origin !- null) { 

ba_out.println("o»" + origin. compose () ) ; 



if (email !- null) < 

for (int i - 0; i < email. length; i++) 
if (emailli] !- null) 

ba_out.println("e-" + email [i]); 

) 

if (phone !- null) ( 

for (int i - 0; i < phone . length; L-H-) 
if (phoneti] !- null) 

ba_out.println("p-" + phonelij); 



lull) ( 

1 + connection . compose ( ) ) ; 
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■ bandwidth) ; 

) 

if (zone !- null) ( 

ba_out. println ("Z-* * zone) ; 

\ 

if (key !- null) { 

ba_out. println ("k=»" +■ key); 

if (attribute !- null) < 

for <int i - 0; i < attribute, length; i-i-t-) 
if (attribute [i] != null) 

ba_out.println("a-" + attribute [ i] ) ; 

) 

if (active != null) { 

for (int i = 0; i < active . length; i++) 
if <active[i] !- null) 

ba_out. println ("t-" +• active[i]); 

) 

if (repeat != null) < 

for (int i = 0; i < repeat . length; i++) 
if (repeat [i] !- null) 

ba_out.println("r-" + repeat (i]); 

} 

for (int i - 0; i < media. length; i++) { 
if (mediati] !=■ null) { 

if (media [i] .media !- null) { 

ba_out.println("m-" +• mediati] .media) ; 

> 

if <raedia[i] .title !- 
ba_out .println ( "i- 



if (media [i] .bandwidth ! 

ba_out. print In ("b-" 
) 

if (mediati] .key !- null) { 

ba_out .println <"k-" + media I i] .key) ; 

1 

if (mediati] .attribute !- null) { 

for (int j - 0; j < mediati] .attribute. length; j++) 
if (mediati] .attribute! j] !- null) 

ba_out. println ("a-" +■ media[i] .attribute! j] ) ; 

> 



data - ba.toByteArray () ; 
ba_out.cloa«<); 
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